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REVIEW OF THE RELATION OF DENSITY AND REFRACTIVE INDEX 
TO THE COMPOSITION OF GLASS: I* 


By Kuan-Han Sun, Hurp W. Sarrorp, AND ALEXANDER SILVERMAN 


ABSTRACT 


The density, refractive index, and specific refractivity and their relationship to the 
composition of glass are discussed. The subject is treated from the standpoint of additive 
properties based on composition both as to linear and collective or complex functions. 
Not only are these applied in the rapid checking of constancy of composition in practice 
but also from the standpoint of possible changes in properties through partial changes of 
individual components. There is the further possibility of tying up constitution with 
composition so that a structural analysis may result. The article serves as a review of 
existing literature and elaborates the possibility of expansion of published data. 


NOTATIONS 
Various authors have adopted different symbols 
for the same expression. For simplification, the follow- 
ing unified notations will be used: 


Py = weight percentage of X.t 

P. = mole percentage of X. 

dx = volume percentage of X. 

Wx = weight units of X. 

mx = moles of X. 

d = density of glass. 

dx = density factor for X. 

n = refractive index of glass with respect to sodium 
D-line. 

nx = refractive index factor for X with respect to 
sodium D-line. 

(nc) = refractive index of glass with respect to hydrogen 


C-line (similar notations for lines of other 
wave lengths). 

(nc)x = refractive index factor for XY with respect to 

hydrogen C-line. 

specific volume of glass. 

specific volume factor for XY. 

specific refractivity of glass. 

specific refractivity factor for XY. 

mean molecular weight of glass. 

molecular weight of X. 

molecular volume of glass. 

molecular volume factor for X. 

molecular refractivity of glass. 

molecular refractivity factor for Y. 


|.. Introduction 

A knowledge of the density of glass is important for 
several reasons. The pressure exerted by fluid glass 
on the walls of a containing vessel is proportional to the 
density; the design of the tank or pot is therefore re 
lated thereto. Layers of various densities produce 
waves, cords, and striae. As will be shown later, spe- 
cific refractivity is linearly additive for most glasses, and 
refractive index may be calculated accurately if the 
density is known. In certain work, a definite volume 
of glass may be needed, and it is necessary to figure the 
amount of batch and the density of the product. Den- 


* Presented at the Forty-Second Annual Meeting, 
American Ceramic Society, Toronte, Canada, April 10, 
1940 (Glass Division). Received April 10, 1940. 

_ Contribution No. 398 from the Department of Chem- 
istry, University of Pittsburgh. 

Part II of this paper will appear in the December issue 
of The Journal. 

+ X represents any glass constituent A, B, or C.... 


sity affects the production cost of articles because the 
weight per piece depends on it. Density measurement 
affords a quick check on composition in a plant during 
routine production. This point will be clarified later 
in a discussion of change of density with change of com- 
position. 

Refractive index is important in the field of optical 
glass, particularly in the design of optical systems. Dis- 
persion, Abbé value or dispersive index, reflectivity 
(Fresnel relation), and brilliancy are all directly related 
to index of refraction. 

The purposes of the correlation of density and re- 
fractive index with composition are (1) calculation of 
properties of glass from composition without making 
melts; (2) indication, prediction, and estimation of 
properties of new glasses; (3) as the reverse of case (1), 
it will afford an indication of mistakes by checking den- 
sity or refractive index of glass; (4) the correlation, if 
expressed in mathematical equations or graphic forms, 
will serve to present results of research for visual inspec- 
tion; and (5) some indications as to constitution of glass 
may be predicted. 

A review of existing incomplete data, supplementing 
these to’ obtain complete data with generalizations, 
should help the glass technologist. 


ll. Relation Between Composition and Density 

Density of glass is weight per unit volume; specific 
volume is volume per unit weight. Specific or molecu- 
lar volume, rather than density, indicates the validity 
of linear additive relationships.* 


(A) Additive Calculations 
(1) Oxide Factors 


Winkelmann and Schott! calculated approximate 
densities from composition by the linearly additive 
formula, equation (1). 


t Additive relationships are ‘‘linear’’ or ‘“‘complex.”’ 

(a) A. Winkelmann and O. Schott, “Uber thermische 
Widerstandscoefficienten verschiedener Glaser in ihrer 
Abhangigkeit von der chemischen Zusammensetzung,”’ 
Ann. Phys. Chem., $1, 730-64 (1894). 

(b) H. Hovestadt, Jena Glass and Its Scientific and In- 
dustrial Applications (translated by J. D. Everett and 
Alice Everett). Macmillan & Co., London, 1902. 
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100 ba 4 Pe 

wherein d = density of glass. 


Pa, Ps, etc. = weight percentages of components A, B, etc. 
da, dp, etc. = density “‘factors’’ for these components. 


Their density factors (Table I), derived from ninety- 
one unanalyzed glasses, were empirically calculated on 
the supposition that oxides have unvarying densities. 
Their results do not entirely justify this assumption, 
as the deviations range from 1'/, to 10%. Winkel- 
mann and Schott admit that these relations are appli- 
cable only to glasses similar in composition to those 
from which the density factors were obtained. 

English and Turner? found that the application of 
the factors of Winkelmann and Schott to seventeen 
soda-lime-silica glasses produced marked discrepancies. 

Tillotson’ indicated the inadequacy of the Winkel- 
mann and Schott figures when they were applied to the 
calcium and magnesium-metasilicate glasses of Larsen, 
the lithium-calcium-metasilicate glasses of Wallace, 
and the mixed feldspar glasses of Day and Allen. He 
claimed greater accuracy from factors based on a con- 
stant value for SiO, (Table I). 

In a test of ninety-one glasses, Baillie‘ found better 
agreement with experimental values when constants 
(Table I) were used empirically evaluated from the 
formula, equation (2). 


2P Pay 2) 


= sum of oxide percentages determined by 
chemical analysis. 


If the analytical results be in error by amounts a, 8, 
ie v, he considered the correct density, d’, to be 
expressed by equation (3). 


d’ = (; 100 + 2(a) ): (3) 
100 + d-E(a/dx) 


The differences between D(a) and d-Y(a/dy) in 
general are slight so that the discrepancies due to 
allowable analytical variations are small. 

English and Turner‘ considered the density of SiO, to 
be unchanged when it is present in a silica glass. Their 
factors (Table I), calculated from the densities of spe- 
cially prepared two-component, oxide-silicate glasses, 


wherein =p 


2S. English and W. E. S. Turner, “Density of Soda- 
Lime Glasses,”’ Jour. Soc. Glass Tech., 4, 126-28 (1920). 

3(a) E. W. Tillotson, Jr., ‘““Density of Silicate Mix- 
tures,” Jour. Ind. Eng. Chem., 3 [12] 897-900 (1911). 

(b) E. W. Tillotson, Jr., ‘Density of Some Borate and 
Silicate Glasses,” ibid., 4 [11] 820-21 (1912). 

*W. L. Baillie, “‘Relation Between Density and Com- 
position of Glasses,”” Jour. Soc. Chem. Ind., 40 [12] 141-48 
(1921); Ceram. Abs., 1 [5] 145 (1922). 

5(a) S. English and W. E. S. Turner, “Density of Soda- 
Glasses,” Jour. Soc. Glass Tech., 4, 153-57 

(6) S. English and W. E. S. Turner, “‘Density of Glasses 
Containing Aluminum,” ibid., 5, 277-80 (1921); Ceram. 
Abs., 1 [6] 166 (1922). 

(c) S. English and W. E. S. Turner, ‘“‘Density of Soda- 


Lime-Magnesia Glasses and Calculation of Density,” 
Jour. Soc. Glass Tech., 6, 228-31 (1922); Ceram. Abs., 2 
{10] 219 (1923). 
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compared favorably with the constants determined by 
Baillie, and this led them to recommend that the figures 
of Winkelmann and Schott be discarded. 

That their factors for Al,O; and CaO were more 
suitable to the system soda—alumina-lime-silica than to 
the system soda-alumina-silica further indicated the 
limitations of density factors. Caution should be 
exercised in the use of such constants unless the number 
of components and the range of composition are limited . 

English, Howes, Turner, and Winks* prepared ten 
glasses of the general formula, 6SiO,-(2—x)Na,0-- 
xFe,O;. Partial reduction of ferric oxide during melt- 
ing produced variations of 2 to 22% of ferric oxide 
and 0.6 to 4% of ferrous oxide. From their previously 
determined factors for SiO, and Na,O, they additively 
evaluated the constants for FeO and Fe,O; (Table I). 


TABLE I 


Density Factors 


Column (1) Winkelmann and Schott!; (2) Tillotson’; (3) Baillie‘; 
(4) English and Turner®; (5) Turner *’ and others*; (6) Fuwa.* 


()) (2) (3) (4) (5) (6) 


2.55 
Sb.0, 3.00 
SiO, 2.3 2.3 2.24 2.20 
1.9 2.24 2.90 
Al,O; 4.1 2.75 2.75 2.75 
Fe,O; 4.8 4.8* 
As,O; 3.33 
MgO 3.8 4.0t 3.25 3.38 
CaO 3.3 4.1 4.30 5.00 5.1 
FeO 3.0 7 
ZnO 5.9 5.94 7.5 
BaO 7.0 7.20 
PbO 9.6 10.30 
Li,O 3.7 3.2 3.16 
Na,O 2.6 2.8 3.20 3.47 3.5 
K,O 8 3.20 3.0 2.88 
Rb,O 4.45 
* For soda- and potash-containing glasses; for lithia- 


containing glasses, the factors were Fe,O; = 6 and FeO = 


't 4.3 in presence of alkali. 
+ 3.38 to 3.4 for soda-silica glasses 


Experimental studies of glasses of the general for- 
mula, 6SiO,-(2—x)Na,O-xZnO, enabled English, Tur- 
ner, and Winks’ to calculate a new density factor for 
ZnO (Table I). 

Waterton and Turner® investigated glasses of the 
type 75Si0,- 10CaO- 15(R’,O + R”,O), where (R’,0 + 


*S. English, H. W. Howes, W. E. S. Turner, and F. 
Winks, “Influence of Iron Oxide on Properties of Glass,” 
Jour. Soc. Glass Tech., 12 [45] 31-52 (1928); Ceram. Abs., 
8 [1] 23 (1929). 

7S. English, W. E. S. Turner, and F. Winks, “Some 
Properties of Glasses Containing Zinc Oxide,’ Jour. Soc. 
Glass Tech., 12 [48] 287-96 (1928); Ceram. Abs., 9 [8] 
624 (1930). 

8S. C. Waterton and W. E. S. Turner, “Properties of 
Mixed Alkali-Lime-Silica Glasses Containing Lithia, Soda, 
Potash, and Alumina,” Jour. Soc. Glass Tech., 18 [72] 
268-85 (1934); p. 283; Ceram. Abs., 14 [8] 186 (1934). 

* Kitsuzo Fuwa, ‘Glasses Containing Iron Oyide: XV, 
Density of Glass,” Jour. Japan. Ceram. Assn., 46, 8-11 
(1938); Jour. Soc. Glass Tech., 22 [90] 129A (1938); Ceram. 
Abs., 19 [5] 110 (1940). 
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R",O) represents + Na,O), (LisO + K,0), 
(Na,O + K,O), and (K,O + Rb,O). New constants 
for LigO, Na,O, K,O, and Rb,O were thus established 
(Table I). 

Fuwa,’ employing equation (1) and‘ the factors of 
Turner and others, obtained different values for Li,O, 
K,O, FeO, and Fe,O; (Table I). Reasonable agreement 
with experimental densities was claimed. 

Peddle” applied the Winkelmann and Schott factors 
to nine unanalyzed glasses and found discrepancies be- 
tween calculated and experimental density values. 
Density-composition curves for many glasses" led him 
to question the validity of linear additive expressions 
when applied to wide ranges in composition. 

English and Turner™ studied two series of gldsses, 
20Na,0- (80—x)SiO,-xB,0; and 10Na,0- (90—<) - 
xB,Os3, in which x was varied, respectively, from 0 to 
43 and 12 to 46 weight per cent. In the first series, the 
density rose to a maximum on plotting it against per- 
centage of B,O;; in the second series, the corresponding 
curve fell to a minimum. They attributed these 
maxima and minima to the presence of definite com- 
pounds. Cousen and Turner’ found that for boric 
oxide-silica glasses density increases continuously 
with silica content. Their density-percentage B,O, 
curves are approximately linear and contain neither 
maxima nor minima. The peculiar behavior of boric 
oxide is explained by Warren" through X-ray investiga- 
tions of soda-boric oxide and boric oxide-silica glasses. 

Finn and Thomson! introduced a mathematical deri- 
vation of density factors. They assumed change in 
density to be a function of percentage composition, and 
they determined partial densities* from equation (4). 


d’y = a(px + c)’, (4) 


= partial density factor for any compo- 
nent X. 


wherein d’y 


fz = percentage of XY. 
a, 6, and ¢ = numerical constants. 


The density, d, of the complex glass was derived from 
the sum of the partial densities in equation (5). 


de + (5) 


”C. J. Peddle, ‘‘Development of Various Types of 
Glass: I, Interaction of Silica with Oxides of Sodium and 
Potassium,” Jour. Soc. Glass Tech., 4, 2-20 (1920); p. 8. 

"C.J. Peddle, ibid., Vol. 4 (1920) and Vol. 5 (1921). 

12S. English and W. E. S. Turner, “Physical Properties 
of Boric Oxide-Containing Glasses and Their Bearing on 
the General Problem of the Constitution of Glass,” sid., 
7 [26] 155 (1923); Ceram. Abs., 3 [2] 36 (1924). 

‘8 Arnold Cousen and W. E. S. Turner, “Study of the 
Glasses Boric Oxide-Silica,”” Jour. Soc. Glass Tech., 12, 
169-90 (1928). 

4 (a) J. Biscoe and B. E. Warren, “X-Ray Diffraction 
Study of Soda-Boric Oxide Glass,”” Jour. Amer. Ceram. 
Soc., 21 [8] 287-93 (1938). 

(6) J. Biscoe, C. S. Robinson, Jr., and B. E. Warren, 
“X-Ray Study of Boric Oxide-Silica Glass,” ibid., 22 
180-84 (1939). 

A. N. Finn and H. G. Thomson, “Density and Index 
of Refraction of Glass vs. Its Composition,” ibid., 8 [8] 
505-13 (1925). 

* Partial density is that part of the density of glass at- 
tributable to any special oxide. 


(1940) 


317 


The constants a, 6, and c, evaluated for SiO. and 
Na,O from the soda-silica glasses of Peddle, were used 
to obtain constants for CaO, MgO, and Al,O; from 
the soda-lime-silica, soda-alumina-silica, and soda- 
magnesia-silica glasses of Peddle, English, and Turner 
(Table II). 


TABLE II 
CONSTANTS FOR Density CALCULATION AFTER FINN AND 
THomson"* 
Percentage 
range a 
SiO, 50-85 0.33250 0.4463 —30.0 
Na,O 15-50 0.01869 1.0810 0 
CaO* 3-24 0.03365 0.9887 0 
CaOt 3-24 0.02813 1.0350 0.2 
MgO 1-10 0.30170 0.9262 0 
Al,O,; 3-13 0.00675 1.3571 3.0 


* From soda-lime-silica glasses of Peddle. 
t From soda-lime-silica glasses of English and Turner. 


The method improved density calculations, but the 
incorrect assumption that the values of a, 5, and ¢ are 
the same for SiO, and Na,O in alli glasses renders the 
constants for CaO, MgO, and Al,O; “apparent” rather 
than “partial.” 

Gehlhoff and Thomas'* chose a parent glass of the 
composition SiO, 82% and Na,O 18%, replaced the 
silica by successive additions of CaO, MgO, ZnO, PbO, 
B,O;3, AlsOs, and Fe,O;, and determined densities for 
the resulting glasses. Following a graphic treatment 
of the data, constants were calculated for each 5% in- 
crement of substituted oxide (Table III). The known 
density of a parent glass enables that property to be 
derived for other members of the same or different 
series. 

Densities calculated from these constants for three 
soda-lime-silica and six soda-lime-magnesia-silica 
glasses," agreed within 0.2% of experimental values 

Turner™ and English and Turner,” studying the 
effects of MgO, CaO, ZnO, BaO, Al,O;, and ZrO,, con 
structed density-percentage RO, R,O;, and RO, curves 
for glasses of the general formula, 6SiO,- (2—x)Na,0- - 
xRO(R,O,) (RO,). Although the linear addition rule 
was upheld, the mode of preparation and heat treatment 
of the glass was important. 


6 (a) G. Gehlhoff and M. Thomas, “Physical Properties 
of Glass in Relation to Its Composition: I, Electrical Con- 
ductivity of Glasses,’ Z. tech. Physik, 6, 544-54 (1925); 
Ceram. Abs., 5 [6] 178 (1926). 

(b) “II, Mechanical Properties,” Z. tech. Physik, 7, 
105-26 (1926); Ceram. Abs., 5 [11] 353 (1926). 

“Use of Gehlhoff and Thomas Specific Effect Data in 
Practice,”’ Glass Ind., 18 [7 ] 227-29 (1937). 

1% W. E. S. Turner, “Physical Properties of Glasses; 
Relationship to Chemical Composition and Mode of Prepa- 
ration,” Jour. Chem. Soc., 129, 2091-2116 (1926); Ceram. 
Abs., 6 [3] 101 (1927). 

%S. English and W. E. S. Turner, “Properties of the 
Soda-Baryta-Silica Glasses and a Comparison with Cor- 
responding Soda-Lime and Soda-Lead Okxide-Silica 
Glasses,”” Jour. Soc. Glass Tech., 11 [44] 425-32 (1927); 
Ceram. Abs.,'7 (5) 284 (1928). 
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III 
Density Constants* (AFTER GEHLHOFF AND THOMAS'*) 
Range (%) 
0-5 5-10 10-15 15-20 20-25 25-30 30-40 40-50 50-60 
Parent glass 
Na,O f 80Si0O,-- 0.0017 0.010 0.008 0.006 
\20PbO 0.005 0.003 
MgO /82Si0:-- 0.012 0.012 0.00 0 
CaO | 18Na,0 0.018 0.016 0.014 0.012 0.009 0.007 
ZnO ™ 0.021 0.021 0.021 0.021 0.021 0.021 
BaO 0.024 0.024 0.024 0.024 0.024 0.024 0.024 
PbO 0.024 0.024 0.026 0.027 0.029 0.032 0.034 0.037 
B,O; 0.018 0.010 0.003 —0.004 —0.005 —0.006 —0.006 
Al,O; 0.006 0.006 0.006 
Fe,0; 0.013 0.013 0.013 0.013 0.013 0.013 


* Values given are for 1% by weight of substituted oxide. 


Moriyasu*™ has given equations (6) and (7) for the 
volume, V’, of soda-silica glass composed of 6000 parts 
of SiO, and 62-y parts of Na,O: 

For y < 50, V’ = 2694 + 0.3084-y. 
For y > 70, V’ = 2464 + 0.3677-y. 


Moriyasu, claiming good agreement of these density 
moduli with those of Baillie and English and Turner 
when y was smaller than 50 and with those of Winkel- 
mann and Schott when y was greater than 70, repre- 
sented the volume change at y equals 50 to indicate 
the presence of Na,O-2SiO,. Conclusions favoring 
compound existence in glass, often based on inaccurate, 
insufficient data and false correlation of curve slope- 
shifts with compound compositions, are partially re- 
futed by modern concepts of structure. 

For soda-silica glasses containing less than 80% of 
SiO,, the Bureau of Standards*' obtained smooth den- 
sity-composition curves. Empirical equations (8), 
(9), and (10), for the range 50 to 80% of silica, follow. 


d = 0.07977(86.5 — pa)®-42 + 
2. 


(6) 
(7) 


(8) 
2.988 
d = 0.00301- 
2.4756, (9) 
d = 0.3293(p,4 — + 
(10) 


wherein p4 and ps = respective weight percentages of SiO, 
and Na,O (equations (8) and (9) are complementary, 
and their usefulness is restricted by limited application). 


Winks and Turner,”* plotting specific volume against 
percentage composition for fifteen soda-silica glasses, 


2% Shizuta Moriyasu, ‘‘Relation Between Composition 
and Specific Gravity of Glass,” Jour. Japan Ceram. Assn., 
38 [456] 795-802 (1930); Ceram. Abs., 11 [7] 405 (1932). 

21 (a) “Density and Composition of Soda-Silica Glasses,” 
Jour. Franklin Inst., 210,251 (1930); Ceram. Abs., 10 [4] 
259 (1931). 

(6) Annual Report of Director of Bureau of Standards, 
June 30, p. 25 (1930). 

(c) “Relation Between Chemical Composition, Index 
of Refraction, Density, and Thermal Expansion of Soda- 
Lime-Silica Glasses,”’ Ceram. Age, 17 [3] 133 (1931). 

22 F. Winks and W. E. S. Turner, ‘Density of Sodium 
Metasilicate-Silica Glasses,”’ Jour. Soc. Glass Tech., 15 
[58] 185-90 (1931); Ceram. Abs., 10 [9] 630 (1931). 


found approximate linear relations from 65 to 92% of 
SiO, but greater deviations from 51 to 65%. Equa- 
tions (1), (9), and (10), tested with the data, gave good 
results in four, three, and eight cases, respectively. 

Glaze, Young, and Finn*™ found that when specific 
volume-percentage silica curves for soda-silica glasses 
were segmented into straight lines, they produced 
intersections corresponding to Na,Q-SiO, ratios of 
4:6, 3:6, and 2:6. Empirical constants, ¢ and 5, evalu- 
ated for each segment, enabled densities to be calcu- 
lated from equation (11). 


1/d = a-pa + b-pp, (11) 


wherein p,4 and ps = percentages of silica and soda, respec- 
tively. 


Finn and his associates,** employing equation (11) and 
considering lime plus soda as total soda, calculated 
1/d values for twenty-two glasses whose compositions 
ranged from 50.0 to 80.5% of SiOz, 16.2 to 37.8% of 
Na,O, and 3.2 to 12.0% of CaO. Differences between 
computed and observed specific volumes, plotted as a 
function of CaO percentage p-, produced equation (12) 


_for each linear segment of the curve as follows: 


f(pc) = e-pe + c’-pre. (12) 

Equation (13) results from the addition of equations 
(11) and (12). Values for constants a, b, c, and c’ are 
given in Table IV. 


l/d = a-pa t+ b- pp +c-pc +c’: prc. (13) 
For any particular series, specific volume varied di- 
rectly as the silica content. It was suggested that these 
soda-silica glasses should be regarded as simple com- 
pounds or as mixtures of two adjacent compounds. 
Gilard and Dubrul introduced a new formula, equa- 
tion (14).*4 


23 F. W. Glaze, J. C. Young, and A. N. Finn, ‘Density 
of Some Soda-Lime-Silica Glasses as a Function of Com- 
position,’’ Jour. Research Nat. Bur. Stand., 9, 799-805 
(1932); R. P. 507. 

24 Pierre Gilard and Léon Dubrul, ‘Calculation of Physi- 
cal Properties of Glass: II, Expansion and Density,” 
Verre & Silicates Ind., 9 [3] 25-28; [4] 37-39; [5] 50-52 
(1938); Ceram. Abs., 18 [4] 95 (1939). 
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TABLE IV 
Density CoNsTANTs AFTER GLAZE, YOUNG, AND Finn*™ 

SiO: limits 

(SiOz wt. %) aX10* 6X10* cX10 ce’ 
50(?)—pa 4.252 3.537 2.545 8.0 
pa-b'a 4.3028 3.4628 2.500 4.0 
a 4.3922 3.2872 2.285 5.0 

p” 4-100 4.5400 2.8460 1.844 14.8 


pa = 59.4 — 0.23-po + 0.032-p%e. 
= 66.3 + 0.15-po — 0.004 -p%. 
= 74.9 — 0.017 pc?. 


= + b-p*), (14) 


= weight percentage of any constituent. 
= density of glass. 
= constants. 


wherein p 
d 
a and 


SiO, in soda-silica glasses was assigned the density of 
vitreous SiO, (= 2.303 = 1/a; 6 = 0). A plot of 
apparent (called ‘‘partial’’ by Gilard and Dubrul) vol- 
ume of Na,O against percentage of Na,O produced a 
parabolic curve which could be expressed by 

v's = (a-pa + b-p*s), 
= apparent volume contribution of ps(% 
of Na,O). 

From these constants for silica and soda, the apparent 
volumes and coefficients of other oxides were derived 
(Table V). 

The introduction of a squared term in their equation 
resulted in greater accuracy than had previously been 
obtained. The types of glass in which the constants 
are valid were not mentioned. 

Young, Glaze, Faick, and Finn® determined the 
densities of 194 reproducibly annealed, analyzed glasses 


% J. C. Young, F. W. Glaze, C. A. Faick, and A. N. 
Finn, ‘‘Density of Some Soda-Potash-Silica Glasses as a 
Function of the Composition,”” Jour. Research Nat. Bur. 
Stand., 22 [4] 453-64 (1939); Ceram. Abs., 18 [9] 237 


wherein 
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in the ternary system Na,O—-K,0-SiO,. To determine 
the relation between specific volume and composition, 
a triordinate diagram was prepared in which the trend 
and separation of the lines of constant » (specific 
volume) divided the surface into several relatively flat 
regions of different slopes. Each region was treated 
arbitrarily as a plane of the form in equation (15). 


v = a-pa + b- pp + e-pz, (15) 
wherein pa, ps, and pg = respective weight percentages 
of SiO,, Na,O, and K,0O. 
Constants a, b, and e were evaluated for each region 
(Table VI). 

In contradiction to their previously published re- 
sults, the intersections of the planes in the three- 
dimensional triordinate diagram were found to corre- 
spond to boundary curves and eutectic compositions 
in the equilibrium diagrams of Kracek. Agreement was 
good for soda-silica and potash-silica data but only ap- 
proximate for glasses containing all three constituents. 

(A) Significance of “Density Constants”: A re- 
capitulation reveals that all of the ‘“factors’’ or ‘‘con- 
stants’’ mentioned thus far were so derived as to fit 
mathematically calculated and observed values. These 
empirical evaluations were based on the apparently 
incorrect assumption that the density of SiO, in glass 
is constant or the same as that of vitreous SiO, through- 
out the whole range of composition. 

The similarity of glass and concentrated aqueous 
ionic solutions suggested the use of partial molal (or 
partial specific) quantities to represent true oxide con- 
tributions to the properties of glass. A calculation of 
the partial specific volumes* of SiO,, Na,O, and K,O 
(method II of Lewis and Randall**) from the density 


* Partial specific volume equals partial molal volume di- 
vided by molecular weight. 

% G. N. Lewis and M. Randall, Thermodynamics, chap- 
ters IV and VIII. McGraw-Hill Book Co., New York, 


(1939). N. Y., 1923. 
TABLE V 
Density CONSTANTS AFTER GILARD AND DuBRUL™ 

Errors 
Oxides (a-p + b-p*) Limits (%) 
Li,O 0.320-p p < 15 0.5 
Na.O { 0.286-p p < 20 0.4 
“ | 0.286-p + 0.0022 (p — 20)? 20< p< 50 0.4 
K,0 0.333-p pb < 30 1.5 
Rb,O 0.225-p 15 0.5 
BeO 0.195-p + 0.009-p? p < 15 1.0 
MgO 0.250-p + 0.004-p? p < 15 0.5 
CaO {0.175-p + 0.002-p? pb < 40; p (Na,O) < 20 1.0 
\ 0.200-p + 0.004-p? p < 25; p (Na,O) > 20 1.0 
BaO 0.100-p + 0.001-p? p < 40 1.5 
ZnO 0.160-p p < 30 1.0 
PbO 0.092-p Pp < 80 1.5 

MnO 0.250-p p < 20 
35 < p< 1.0 

70 < p< 100, (Na,O- 

0.290-p + 0.0026-p* p < 40, (complex glasses) 2.0 
Al,Os 0.390-p p 25 1.5 
Bi,O; 0.096-p p < 55 1.0 
Fe,0; 0.136-p + 0.004-p? p 30 0.75 

SiO, 0.454-p p: 0-100 

GeO, 0.215-p + 0.0006- p? 60 < p< 100 

TiO, 0.150-p + 0.007-p? ~p < 10 0.3 
0.150-p + 0.0025: p? < 20 1.0 


(1940) 


1 
¢ 
4 
‘ 
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data of Finn and others** revealed that the constants 
in Table VI are actually thermodynamic partial spe- 
cific volumes. Their procedure for evaluation is iden- 
tical with method IV of Lewis and Randall.** These 
partial quantities are constant for rather wide ranges 
of composition, whereas in aqueous solution similar 
tities vary continuously with concentration. 
Geffcken*’ has reported calculations of partial molal 
refractions for the components of B,O;-Na,O glasses. 


(2) Compound Factors 

Day and Allen,* Larsen,” Wallace,” and Tillotson™ 
favored concepts of compound formation. Larsen and 
Tillotson obtained linear density-composition graphs 
for the albite-anorthite glasses of Day and Allen. A 
similar plot for the CaSiO,;-MgSiO; glasses of Larsen 
led Tillotson to attribute two breaks in the curve to 
the presence of CaMg;(SiO.), and CasMg(SiO,),. 
Curve deflections, observed in his own researches, led 
him to conclude that the following compounds exist in 
glass at room temperature: Na,O-2Si0O,, BaO-2SiO,, 
Na,O- BaO-3Si0,, Na,O-BaO-4SiO.,, and 2Na,0-- 

Karmaus* prepared eight series of lead glasses of the 
general formula a(PbO-SiO,)-(10-a) (B), wherein a 


7 W. Geffcken, ‘Molecular Refraction in Glasses,”’ 
eaaeh, Ber., 17 [8] 237-40 (1939); Ceram. Abs., 19 [1] 
9(1 

% A. L. Day and E. T. Allen, ‘‘Isomorphism and Thermal 
Properties of Feldspars,”” Amer. Jour. Sci., [4] 169 [19] 93- 
142 (1905). 

FE. S. Larsen, ‘Relation Between Refractive Index and 
Density of Some Crystallized Silicates and Their Glasses,’ 
tbid., [4] 178 [28] 263-74 (1909). 

* R. C. Wallace, “Binary Systems Sodium Metasilicate 
with Lithium, Magnesium, Calcium, Strontium, and Bar- 
ium Metasilicates; and Lithium Metasilicate with Potas- 
sium, Magnesium, Calcium, Strontium, and Barium Meta- 
silicates; and on the Ternary System Na,O-Al,0;-SiO,,”’ 
Z. anorg. aligem. Chem., 63 [1] 1-48 (1909). 

%1(a) E. W. Tillotson, Jr., “Relation of Refractive Index 
of Soda-Barium and Soda-Lime Glasses to Their Chemical 
Composition,”’ Jour. Ind. Eng. Chem., 4 [12] 882-85 (1912). 

(b) E. W. Tillotson, Jr., “Relation Between Physical 
Properties and Chemical Composition of Glass: VIII, 
Molecular Compounds,”’ Jour. Amer. Ceram. Soc., 1 [2] 
76-93 (1918). 


varied from 1 to 10 and B represented one of the follow- 
ing expressions: (K,0-6Si0,), (Na,0-6Si0,), 
+ 1/:Na;0)-6Si0,), 
(K,0-5.8Si0,-0.2A1,03), or (K:O0- 4Si0,-2B,0;), (K,0-- 
4SiO,), (K,O0-8SiO,). Densities for these glasses were 
computed from the re-arranged additive formula 
(equation (16)). 


= + (10 Mz) a6) 
a-dg-M4 + (10 — a)d4-Ma 


wherein d4 = measured density of PbO-SiQ,. 
dg = that for B (Table VII). 
M,and Mg = respective molecular weights. 


When B represented (K,0-6Si0.), (Na,O-6Si0.), 
and a 0.2 to 0.6% 
average deviation between calculated and experimental 
values resulted. 

Scholes analyzed a number of commercial soda-lime- 
magnesia-silica glasses and converted oxide percentages 
into equivalent percentages of CaSiO,, 
MgSiO;, Al,O;, and SiO,. From Baillie’s factors for 
silica and Al,O; (Table I), the following constants were 
derived: 

Na,0-2SiO, = 2.483. CaSiO; = 2.992. 
MgSiO; = 2.714. 


Densities from these values were more accurate than 
calculations involving oxide factors. 

Biltz and Weibke* believed that technical glasses 
were composed of the following silicates: Na,SiOs, 
NazSizOs, K2SizOs, LiSiO;, MgSiO;, CaSiOs, 


*2H. Karmaus, “Studies on Some Chemical and Physi- 
cal Properties of Lead Glasses as Functions of Their 
Composition,” Sprechsaal, 59,725, 747,768 (1926); Ceram. 
Abs., 6 [8] 336 (1927). 

S. R. Scholes, ‘‘Density Factors for Soda-Lime Glass,” 
Jour. Amer. Ceram. Soc., 12 [12] 753-55 (1929). 

(qa) W. Biltz and F. Weibke, “‘Calculating Densities 
of Glasses, No. 39,” Z. anorg. allgem. Chem., 203 [3] 345-64 
(1932); Ceram. Abs., 11 [6] 390 (1932); abstracted in 
“a 64 [47] 867 (1931); Ceram. Abs., 11 [9] 506 

1932). 

(6) W. Biltz and F. Weibke, “Calculation of Densities 
of Glass, No. 40,”’ Glastech. Ber., 10 [10] 577-93 (1932); 
Ceram. Abs., 11 [2] 89 (1932). 


TaBLe VI 
NUMERICAL VALUE OF CONSTANTS* FOR DIFFERENT REGIONS AFTER YOUNG, GLAZE, FaICcK, AND FINN *® 
Constant Region 
x 100 - 
1 2 3 4 5 6 7 8 
a 0.428 00 0.437 10 0.454 00 0.441 05 0.448 35 0.441 65 0.447 85 0.454 00 
b 0.348 60 0.332 65 0.282 95 0.320 55 0.299 60 0.290 85 0.273 20 0.265 15 
e 0.358 90 0.339 15 0.308 00 0.350 7 0.334 00 0.356 25 0.342 50 0.322 85 


* These constants are actually partial specific volumes. 


TaBLe VII 
Density Facrors AFrer Karmaus*® 
Measured values 


PbO-SiO, 5.808 
K,0-4Si0,-2B,0, 2 


K;,0-6Si0; 2.353 
. 360 K,0-8Si0; 2.319 


Na,0-6Si0; 2.393 
K,0-4Si0; 2.337 
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BaSiOs, BaSizOs, BagSisOs, Zn2SiOy, PbSiOs, 
Be,SiO,, and MnSiO;. Observed and calculated 
volumes for any glass were expressed by equations (17) 
and (18). ‘ 


=P-M 
Vo 
beerved 100-4" (17) 
i= 
1007” (18) 
wherein V = molecular vol. of glass. 
= mole per cent of constituent oxide. 
M = molecular weight of same oxide. 
d = observed density of glass. 
P’ = mole per cent of a constituent silicate. 
v’ = equivalent vol. of same silicate.* 


* Equivalent volume (as defined by Biltz and Weibke) 
is the experimental volume of any silicate divided by the 
number of moles of simple oxides contained in the silicate. 


Equivalent volumes for their silicates (Table VIII) 
were obtained from composition and density data for 
400 glasses reported in the literature. They claimed 
0.5% accuracy for their calculated densities. 

Biltz, Weibke, and Schrader-Traeger® revised cer- 
tain volume constants (Table VIII) and calculated 
molecular volumes for a number of soda-silica, soda- 
lime-silica, soda-alumina-silica, and soda-boric oxide 
glasses, the average errors ranging from 0.25 to 0.63%. 
Molecular volumes of soda-silica glasses, plotted against 
mole per cent of SiO., resulted respectively in con- 
tinuous and linear curves of two segments for meas- 
ured and calculated values. Empirical constants, 
derived from the equivalent volumes for Na,SiO; 
and Na,Si,O;, were applied to produce each segment. 
Oxide factors as normally used would yield less ac- 
curate results, as a single constant would necessarily 
cover the whole range of composition, It should be 
emphasized that a conversion of the foregoing silicate 
factors into corresponding oxide constants would not 
alter the accuracy of calculation. Criticism by Knapp™ 
was satisfactorily answered by Biltz and his associates.*” 

Knapp®™ assumed that the presence of a particular 
silicate in soda-silicate glasses was dependent on total 
silica content, mono-, di-, tri-, and tetra-silicates exist- 
ing over the respective ranges 50-67, 67-75, 75-80, and 
more than 80% of SiO,. His volume constants are 
shown in Table IX. 


Biltz, F. Weibke,and L. Schrader-Traeger, “‘Molecu- 
lar Refractions and Molecular Volumes of Glasses,” 
Z. anorg. allgem. Chem., 234, 253 (1937); condensed article 
in Glastech. Ber., 16 [4] 131-33 (1938); Ceram. Abs., 17 
[10] 326 (1938). 

%(a) O. Knapp, ‘‘Constitution of Silicate Glasses on 
Basis of Biltz-Weibke Hypothesis,”’ Keram. Rundschau, 43 
[36 ] 423-24 (1935); Ceram. Abs., 15 [11] 346 (1936). 

(6) O. Knapp, “‘Molecular Volumes of Glasses,”” Keram. 
Rundschau, 46 [21] 231-34 (1938); Ceram. Abs., 18 [1] 
17 (1939). 

7 W. Biltz and F. Weibke, “Molecular Volumes of 
Glasses,”” Keram. Rundschau, 46 [51] 600 (1938); Ceram. 
Abs., 18 [9] 239 (1939). 

*%(a) O. Knapp, “Calculation of Volumes for Soda- 
Boric Oxide-Silica Glasses,”’ Keram. Rundschau, 40, 659- 
62, 673-75 (1932). 

(6) O. Knapp, “Constitution of Glass Based on Laws of 
Solution,” Jour. Soc. Glass Tech., 15 [58] 140-52 (1931); 
Ceram. Abs., 10 [10] 683 (1931). 


(1940) 
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Taste VIII 


EQUIVALENT VOLUME AND Density or GLassy SILICATES 
AFTER Bitz, WEIBKE, AND SCHRADER-TRAEGER™ 


Values 
published 1933 Values 
~ ~ revised 1937 

Eq. vol. Density vol. 
Na,SiO; 23.8 2.560 23.74 
Na,Si,O; 24.4 2.492 24.40 
K,Si,O; 29.1 2.457 28.88 
K,Si,0, 27.9 2.400 27 . 87 
Li,SiO; 17.3 2.61 
MgSiO, 18.2 2.750 
CaSiO; 20.0 2.91 
Ca,SiO, (18) 3.19 
BaSiO,; 24.1 4.44 
BaSi,O; (24) 3.80 
BazSisO; (24) 
Zn,SiO, 18.7 3.980 
PbSiO, 24.3 5.835 24.27 
MnSiO, 18.8 3.48 
Be,SiO, (12.7) 
Na,R,O,; 28.23 
B,O,; 37.7 1.84 36.91 
SiO, 27.3 2.206 27.25 


c ec c 3 
(a) Irregular variation Regular variation Regular varration 
Ist kind 2nd. kind 
Fic. 1.—Composition variations in ternary systems (for 
reference, see p. 325). 


For soda-boric oxide-silica glasses, specific volumes 
were calculated on the assumption that combinations 
of double molecules were possible. Total glass volume, 
V, was calculated according to the linear additive 
formula, equation (19). 

V = ma:Va + +..... (19) 


wherein m4, mg = silicate constituents and free SiO, 


(mole). 
Va, Ve = their respective molar vol. con- 
stants. 
TaBLe IX 
Votume CONSTANTS FOR Grassy SILICATES AFTER 
KNapP® 
Monosilicates Disilicates Trisilicates 
Na silicate 39.0 40.15 41.25 
Borosilicate 34.1 §2.8 
Na borosilicate 37.8 39.0 39.6 
B,O; 44.1 
SiO, 42.4 


Knapp’s results from sixteen NasO-B,0,;-SiO, glasses 
showed a mean deviation between experimental and 
calculated values of 0.68%, as compared with 4.6, 2.9, 
and 5.5%, respectively, using the Schott, Tillotson, and 
Baillie factors. 
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Bary and Herbert” calculated density constants from 
four soda-lime-silica glasses by considering the glass as 
a frozen product, formed of dissolved alkali-silicates in 
alkali-earth polysilicates and the silica to be present in 
two distinct forms, ‘“‘crystalloidal”’ and “‘vitreous.”” The 
scope of the work renders their results unreliable. 


(3) Single Atom or lon Factors 

Randall and Gee introduced the following method 
for the calculation of density. 

Volume per molecule of glass (in cubic Angstroms) is 
given in equation (20). 


wherein M = molecular weight. 
d «= density of glass. 


Using the values of atomic sizes found for crystalline 
silicates (Bragg*' has indicated such sizes to be fairly 
constant), Randall and Gee found V,, for glass to 
bear an almost constant ratio to the sum of the vol- 
umes of the atoms in the molecule, which is expressed 
by equation (21). 


Vn = (21) 


wherein V, = vol. of single atom or ion. 
k = constant whose mean value for 28 glasses 
is 2.065. 


The degree of packing of the atoms or ions was found 
to be more nearly constant for glasses than for crystals. 
The ionic diameters used in calculation are as follows: 
Diameters 2.70 0.6 2.0 2.6 2.0 2.5 0.4 
The maximum divergence of 5% from k equals 2.065 
limits the practicability of the method. This constant 
was found to be larger for glasses than for crystals be- 
cause the latter are usually more dense than glasses. 

Analogies to these studies of volume and density of 
glass should be mentioned. Biltz and Lemke“ meas- 
ured the density of crystalline silicates of Na, Li, Zn, 
Cd, Mn, Pb, Be, Ca, Sr, Ba, Mg, Fe, Ni, and Zr and 
calculated the volume of the oxygen ion in these com- 
pounds by the formula in equation (22). 


V metailic oxide) /™, (22) 


wherein m = twice the number of Si atoms present. 


Voxygen = (Vaiticate 


It was assumed that the volume of the Si atom is negli- 
gible. Relative Voxygen values thus calculated were 


* P. Bary and J. Herbert, ‘‘Determination of Density of 
Glasses by Law of Addition,’’ Compt. Rend., 207 [15] 
627-29 (1938); Ceram. Abs., 18 [2] 46 (1939). 

“ J. T. Randall and N. Gee, ‘“‘Refractive Index, Atomic 
Size, and Packing in Glasses,’’ Jour. Soc. Glass Tech., 15 
[57] 41-53 (1931); Ceram. Abs., 10 [8] 552 (1931). 

“"(a) W. L. Bragg, Structure of Silicates. Academic 
Publishing Society, Leipzig, 1930; Ceram. Abs., 10 [1] 
73 (1931). 

(b) W. L. Bragg, Atomic Structure of Minerals. Cornell 
= Ithaca, N. Y., 1937; Ceram. Abs., 17 [6] 231 

42 W. Biltz and A. Lemke, ‘Volumes of Some Silicates, 
No. 38,” Z. Anorg. Allgem. Chem., 203 [3] 330-34 (1932); 
Ceram. Abs., 11 [6] 390 (1932). 


11.0, 11.1, 10.9, and 11.6, respectively, for ortho-, 
meta-, double, and all other types of silicates, and 
11.35 for a-quartz. The atomic volume for elemen- 
tary oxygen in its normal fcrm was reported as 10.9, in- 
dicating the validity of the assumption as well as the 
constancy of the values in various crystals. 

Warren and Loring“ and Warren and Biscoe“ 
differentiate two types of oxygen ions in glass. The 
one, sometimes classified as ‘frame’ or “‘structure”’ 
oxygen, joins two Si ions; the other, called “anion” 
oxygen joins a Si ion and an alkali or metallic ion. 
Following their method for crystalline silicates, Biltz 
and others** calculated volumes for oxygen ions in glass. 
Their results indicated that the volume of “frame” 
oxygen in soda-silica glasses agrees well with that for 
potash-silica glasses, whereas the volume of ‘“‘anion”’ 
oxygen decreases as the diameter of binding alkali ions 
increases. 

Density of crystalline substances may be accurately 
calculated from X-ray measurements of interionic 
distances.*® Warren and others’ have recently made 
similar studies of amorphous materials. It will be 
recalled that Turner (see page 317), on plotting density- 
percentage B,O; curves for soda-boric oxide-silica 
glasses, observed a maximum and minimum, respec- 
tively, for the two series studied, whereas the curve for 
boric oxide-silica glasses was linear. Warren pointed 
out that in the presence of alkali oxides, boron ions are 
able to assume tetrahedral coordination, forming com- 
pact structures of increased density. As soon as the 
unbound oxygen from soda has been used up, further 
addition of B,O; produces no change, density starts to 
decrease, and a maximum is formed. In the case of 
boric oxide-silica glasses, there is no unbound oxygen, 
the boron is unable to assume a tetrahedral coordina- 
tion, and no maxima or minima appear. Warren's ex- 
planation does not seem to be applicable to the forma- 
tion of minima. A calculation of density from X-ray 
data for the glass, Na,O-5B,0Os, is illustrated in the 
following example (after Warren and Biscoe).'* 

The molecular formula was arbitrarily split into two 
components, Na,B,0, and 4B,0;. In Na,B,O,, the 
oxygen-boron ratio is 2.00, and all of the boron ions 
were supposed to be in tetrahedral coordination with 
sodium ions in the network holes. From the assump- 
tion that the structure of Na,B,O, is the same as that 
of vitreous silica except that the respective bond dis- 
tances for B-O and Si-O are 1.50 A and 1.62 A the 
density of this hypothetical glass, Na,B,O,, was ob- 
tained from the following equation: 

= 2.20 x M/(1.50)*? 
M’/(1.62) 
wherein 2.20 = density of vitreous silica. 


M = molecular weight of Na,B,O,. 
M’ = molecular weight of 2SiOs. 


“* B. E. Warren and A. D. Loring, ‘““X-Ray Diffraction 
Study of Structure of Soda-Silica Glass,’’ Jour. Amer. 
Ceram. Soc., 18 [9] 269-76 (1935). 

‘4B. E. Warren and J. Biscoe, ‘‘Fourier Analysis of X- 
of Soda-Silica Glass,’ ibid., 21 [7] 259-65 

1938). 

“W. P. Davey, Study of Crystal Structure and Its 
Applications, p. 35. McGraw-Hill Book Co., New York, 
N. Y., 635 pp., 1934; Ceram. Abs., 14 [2] 51 (1934). 
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The composition of Na,O-5B,0; is 32.1% of Na:B.O, 
and 67.9% by weight of B,O;. Assuming linear addi- 
tivity, the density of NazO-5B,0; was calculated to be 
2.11. Warren and Biscoe concluded that although the 
calculation was based on highly idealized assumptions 
the value was of the right order of magnitude. 

For the same system, Na,O-B,O;, Kordes“ found 
good agreement between measured and calculated 
values of molecular volume for additions of 0 to 10 mol 
per cent of Na,O. He assumed that, for these low con- 
centrations of Na,O, the addition of this oxide merely 
results in a filling of the gaps of the original boric oxide 
glass, that is, not only the Na atoms but also the O 
atom from Na,O, which enters as the fourth coordina- 
tion atom for boron, occupy empty holes in the basic 
glass. 

Kordes also introduced an interesting method for the 
calculation of the molecular volume of glass from ionic 
radii and the molecular volume of vitreous silica. For 
Na,O-SiO, glass, he used the following formula: 


2r* Csi q 
= vol. per mol of glass and vitreous 
silica, respectively. 
Xs = mol fraction of SiO, in glass. 


*stl ratio of number of oxygens in glass 
2 to that in vitreous silica ; second 
factor in brackets = ratio of vol. 
of different kinds of atoms in glass 
to that of O atomsin SiO, glass. 

number of equivalents of particular 
atom in one mol of glass. 

r = radius of that atom. 

o8 = that kind of oxygen connected to Si 

atoms alone. 

OSi-Nea= that type of oxygen linked between 
Siand Na atoms. 


wherein V and Vs 


x = 


* The reviewers have changed the form of this equation 
to make it more understandable; its original meaning is 
intact. 


The volume of the Si atom has been neglected for it 
just fills the gaps between the oxygen atoms because 
of its small size. 

The radii of the O* and Na atoms were known and 
those of O*'—** were obtained from ionic refractivities. 

Kordes*’ developed the following equation, empiri- 
cally, which affords a calculation of ionic radii from 
ionic refractivities: 


l 3] K 
| 


wherein r = ionic radius in A. 
z = valence. 
K = ionic refractivity. 
n = Born’s repulsion constant. 


Values calculated by the foregoing formula checked 
well with the experimental curves of Finn and others 


“Ernst Kordes, ‘‘Physicochemical Investigation of 
Fine Structure of Glasses, II,” Z. phystk. Chem., B43, 
119-52 (1939); Ceram. Abs., 19 [1] 10 (1940). 

“ Ernst Kordes, ‘‘Determination of Atomic Distances 
from Refraction,” Z. physik. Chem., B44 [4] 249-60 (1939) ; 
[5-6] 327-43 (1939). 
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up to 24 mol per cent of Na,O. The same type equation, 
applied to the system PbO-SiO,, held up to 30 mol per 
cent of PbO. Calculations by a similar formula for the 
system P,O;-PbO agreed well with experimental curves 
from 0 to 90 mol per cent of PbO. Such considerations 
involving ionic radii and ionic refractivities are signifi- 
cant in future developments in this field. 

The apparent conclusion reached thus far is that it is 
immaterial whether oxide, compound, or atom or ion 
factors are used for density calculations, provided good 
agreement between measured and calculated values is 
obtained. Modern ideas of glass constitution trend 
toward the concept of Warren and Zachariasen® that 
glasses containing silica are a nonrepeating and non- 
symmetrical network of ions whose fundamental unit is 
the tetrahedral SiO, structure. 


(B) Treatment by Masson's Empirical Solution Law 


Masson,® for twenty-eight cases of aqueous solu- 
tion, disclosed a linear relationship between apparent 
volume of solute and the square root of the solute 
concentration expressed in gram-moles per liter of solu- 
tion. 

Scott® found Masson's relation valid for many ions 
in aqueous solution. ‘ Waterton," considering glass to 
be a supercooled or solidified solution, applied equation 
(23) of Masson-Scott to soda-silica and boric oxide- 
silica glasses. 

+ (23) 


wherein ¢ = apparent molal-vol.* of solute. 
m = concentration in moles/liter of solution. 
aand 8 = constants for each solution at a definite tem- 
perature. 


* @ may be defined by ¢ = 


wherein V 


= a-m'/: 


V; 


= vol. of solution. 

= vol. of 1 mole of solvent in pure state 
m, = number of moles of solvent. 

= number of moles of solute. 


Waterton, who considered Na,SiO; to be a solute 
and SiO, a solvent, took values for density from the 
smooth curve of Winks and Turner and applied equa- 
tion (24), the modified form of equation (23). 


Co *) = a(y/v)'/: + 8, (24) 


wherein v = specific vol. of glass. 
v, = specific vol. of vitreous SiO, (2.19). 
y = wt. fraction of Na,SiO,. 
x = wt. fraction of SiO,. 


Let the functions in parentheses be represented by (A) 
and (B), respectively. 


* G. W. Morey, Properties of Glass, chapter XX, pp. 
518-39; discussion of work by Warren and Zachariasen. 
American Chemical Monograph Series, Reinhold Pub- 
lishing Corp., New York, N. Y., 1938. 561 pp.; Ceram. 
Abs., 18 [2] 48 (1939). 

* D. O. Masson, “‘Solute Molecular Volumes in Relation 
to Solvation and Ionization,” Phil. Mag., [7] 274 [8] 218- 
35 (1929). 

AF. Scott, “Apparent Volumes of Salts in Solution,” 
Jour. Phys. Chem., 35, 2315-29 (1931). 

81S. C Waterton, “Specific Volumes of Some Two- 
Component Glasses,” Jour. Soc. Glass Tech., 15 [60] 354- 
60 (1931); Ceram. Abs., 11 [7] 405 (1932). 
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For aqueous solutions, the graph of (A) against (B) is a 
straight line, whereas the plot for the soda-silica glasses 
indicates three straight lines. This observation com- 
pares favorably with the specific volume-percentage 
SiO, curves of Finn. Waterton suggested correspond- 
ence of his curve breaks to the compounds Na,O-4SiO; 
(20.53% of Na,O) and Na,O- 2SiO, (34.07% of Na,O) as 
compared with Finn’s graphic intersections at 25 and 
37% of Na,O. 

Morey and Merwin® pointed out that Waterton’s 
recalculation of weight-percentage data for Na,O and 
SiO, to like data for Na,SiO; and SiO, was 
as linear relations (equations (23) or (24)) are not 
affected by such computations. Upon the application 
of equation (24) to their own data, Morey and Merwin 
found no justification for breaking the continuous 
curve into straight-line segments. 

For the boric oxide-silica glasses of Cousen and 
Turner, Waterton considered SiO, as a solute and B,O; 
as a solvent. The graph of (A) against (B), equation 
(24), produced two straight lines whose intersection 
corresponded roughly to the composition B,O;-SiOs:, 
suggesting to Waterton its presence in the glass. 

Had he evaluated a and @, specific volumes for 
other compositions could be calculated. 

The reviewers, from Finn’s equation, » = a-p,+-- 
b- ps (p. 319) for soda-silica glasses, and equation (23), 
formulated equation (25). 


+ Bi, (25) 


= 100-a. 
= 100-b. 
Ie specific vol. of vitreous silica. 
y’ = weight fraction of NazO (not Na,SiO;). 
a, and 6; = constants. 


wherein a’ 


Let the functions in brackets be represented respec- 
tively by A’ and B’. If the Masson-Scott law holds for 
binary glasses, a plot of A’ against B’ should produce a 
straight line. A mathematical consideration of equa- 
tion (25) indicates that a strict linear relation is im- 
possible. 

The writers have plotted A’ against B’, using three 
sets of values of a’ and b’ (from Finn’s data, Table VI) 
for three ranges of y’, 0 to 0.25, 0.25 to 0.37, and 0.37 to 
0.50. For the first limit, because a’ = »,, the graph was 
horizontal, whereas for the second and third ranges 
(corresponding to 50 to 75% of SiO), two curves were 
obtained wherein the mean deviation of A’ from a 
straight line did not exceed 0.08%. 

Values for A’ and B’ from direct calculation of the 
experimental data of Finn** were also graphed. The 
first break, at 25% of Na,O, is marked, whereas the 
second break mentioned both by Waterton and Finn is 
insignificant. 


52 G. W. Morey and H. E. Merwin, “Relation Between 
Composition and Density and the Optical Properties of 
Glass: I, Soda-Lime-Silica Glasses," Jour. Optical Soc. 
fig83y 22, 632-62 (1932); p. 656; Ceram. Abs., 12 [6] 218 
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Masson’s law apparently is valid when it is applied 
to soda-silica glasses and enables calculations of density 
from composition to be made. Close similarity between 
glass and aqueous solution is indicated. It is extremely 
interesting that this empirical equation holds for solute- 
solvent ratios of nearly 1:1 in glass, whereas in aqueous 
solution its application is limited to much lower con- 
centrations. 


(C) Graphic Representation 

Graphic representation affords a convenient and 
clearly understandable method for the presentation of 
experimental data. 

Lines or planes representing identical values of den- 
sity, specific volume, or refractive index against com- 
position are termed “‘isoproperty’’ curves. Finn and 
others,** in studies of soda-lime-silica glasses, have 
pointed out that for the same system, although cer- 
tain glasses may have the same density and other glasses 
identical refractive indices, there can be but one glass 
representing a given density and refractive index. Con- 
sequently if one knows the refractive index and density 
for any glass of a series, its composition is indicated 
with fair accuracy by the point at which its density and 
refractive index lines intercept. 

A discussion of (1) correct expressions of composition, 
(2) suitable choice of properties to be plotted, and (3) 
graphic representation for poly-component systems 
should clarify some of the confusion extant in the litera- 
ture. 


(1) Correct Expressions of Composition 


TABLE X 
METHOD FOR EXPRESSING COMPOSITION 


Percentages 
Volume basis { Representative numbers* 


Mole Percentages 
: Representative numbers* 
Mass basis 
Weight basis { Percentages. 
Representative numbers* 


* The term “representative numbers” implies parts by 
weight, parts by volume, and similar expressions based on 
composition totals other than 100. 


Because a volume basis is seldom used, attention is 
centered about composition in terms of mass. 

In a graph of volume against composition, if the 
composition is expressed in percentage by weight, by 
mole percentage, or by representative numbers, the 
corresponding properties to be plotted should be, re- 
spectively, specific volume, molecular volume, or total 
volume. A graph, for example, of specific volume 
against mole percentage is without meaning. 

Whether mole volume and mole percentage or spe- 
cific volume and weight percentage are used, mathe- 
matical considerations indicate that a linear relation 
helding for the first case will likewise prove valid in the 
second. 


53 “Research Work in Glass Industry Reported by 
Bureau of Standards,” Ceram. Ind., 18 [2] 92-97 (1932). 
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XI 
COMPOSITION VARIATIONS IN TERNARY Systems (for triaxial diagrams, see p. 321) 


Expression of composition 


Components : 
Irregular variationt s’ u’ w 
or 
a u w 
Ist kind a4 b w 
a’ (b-a’-w’) w 


Regular variationt 


Representative Nos.* 


(%) 
A B : 


x y z (Fig. 1(a)) 


(Fig. 1(6)) 


R 


(b/a)x 


2nd kind { or multiplying each by 100 
b 


a (100-a-w) w 
* See star (*) footnote in Table X. 


t s, u(u’), w(w’) = variables. 
x,y, 2 = variables; x + y + 2 = 100. 
a and 6 = constants for all series in a system. 


@ (100-a-s) s (Fig. 1(c)) 


a, (a’), and 6 = constants for one series only which vary from series to series in the same system. 


The same argument is not applicable to such unitless 
properties as refractive index; in these instances, it is 
difficult to choose a correct composition expression. 


(2) Suitable Choice of Properties to Be Plotted 

For a property-composition graph, it is convenient so 
to choose the variables that a simple physical concep- 
tion, approximating the phenomenon involved, is rep- 
resented by a simple curve. Glass technologists have 
long recognized that it is specific volume and not den- 
sity that is a linearly additive function. It should be 
remembered that, for hinary systems, a straight-line 
relation between specific volume and weight percentage 
does not require that a linear graph result from a plot 
of density against weight percentage. 


(3) Graphic Representation for Poly-Component 
Systems 
The often-used expression in equation (26) is not 
basic and may be derived from the fundamental equa- 
tion (27), 
V = Pa-Va + Va + 


V’ = ma-Va + Vea + 


wherein V 


= mole vol. of glass. 
P,and Pg = mole percentages. 
ma, and mg = number of moles of components A and B. 
V, and Vg = their respective mole-vol. factors. 
V’ = total vol. of glass. 


As P, of equation (26) is equivalent to m,/(m, + 
ms, + ...) for equation (27), the former is not a simple 
variable, and mathematical treatment of equation 
(26) is difficult. 

Partial differentiation of equation (27) with respect 
to m, obtains in equation (28). 


(28) 


wherein V4 = partial molal vol. of A. 


A series of glasses is considered of the general com- 
position, xA-bB-cC..... , wherein x is any number, 


(1940) 


and 6, c,...are kept constant.* A straight line result- 
ing from plotting V’ against x, renders the linear-addi- 
tion relationship valid as far as glass constituent A is 
concerned. It is obvious that discussions of property- 
percentage composition curves for poly-component 
systems are complicated and have little significance. 
The situation for a binary or ternary system is some- 
what simpler. 

(A) Binary System: For a binary system, there is 
but one variable because the number or percentage of 
one of the components may be fixed. Straight lines re- 
sulting from property-composition plots for such sys- 
tems indicate the validity of linear relationships. For 
such cases, compositions tay be simply expressed, 
either by relative numbers or by weight or mole per- 
centages. 

(B) Ternary Systems: Table XI lists the possibili- 
ties for variation of composition in ternary systems. 

Because there are but two independent variables for 
three-component systems, it is possible, as Zschimmer* 
suggests, to express compositions on two-dimensional 
coordinate graphs. The reviewers, however, , efer 
the use of triaxial plots for reasons of symmetry and 
direct reading of the three-component compositions. 

Graphic illustrations for composition-variations in 
ternary systems are shown in Fig. 1, p. 321. For tri- 
axial diagrams, compesitions should be expressed on a 
percentage basis. 

(i) Irregular Variation: For such composition ex- 
pressions, Morey and Merwin as well as other authors 
have adopted the method of plotting isoproperty lines 
on triaxial diagrams, Along any isoproperty line, com- 
position changes continuously, whereas the property 


* Partial differentiation requires that this be so. 

54 (a) E. Zschimmer, “ of Composition of Glass,” 
Jour. Soc. Glass Tech., 14 [55] 229-49 (1930); Ceram. Abs., 
10 [5] 335 (1931). 

(6) E. Zschimmer, “Calculation of Glass Constants in 
Form of Individual Functions of the Oxides in Given 
Fundamental Glasses,”’ Sprechsaal, 59, 249, 265, 282, 297 
(1926); Ceram. Abs., 6 a 140 (1927); “Contributions to 
Theory o! tion of Glass Constants by Method of G. 
Gehlhoff,” Sprechsaal-Beihefte, Nos. 1 and 2 (1927); for 
review, see Jour. Soc. Glass Tech., 12 [45] 82-118 (1928); 
p. 85. 
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maintains a constant value. Linear additivity is valid 


when such isolines are straight. 

(ii) Regular Variation (First Kind): If composition 
is expressed in relative numbers as aA-bB-wC for a 
certain series of glasses, b is constant and w is the only 
variable. A straight line resulting from a plot of any 
property against w indicates that the linear-addition 
rule applies. The substitution of other values for 5 re- 
sults in a graphic series. 

For a composition expressed in percentages as 
xA-(b/a)x-sC (the total is 100) for a definite value of 
b, composition may be expressed in a single variable, 
z, and any property may be graphed as a function of 
the percentage of component, C. A straight line result- 
ing again indicates the validity of linear addition. 

(iii) Regular Variation (Second Kind): For this 
type, representative number expressions are propor- 
tional to percentages, and, for a particular value of a, 
there is but one variable in either case. Graphs of 
properties against this variable will give indications as 
to the correctness in assuming linear additivity. 


Zschimmer*® recommends third-dimensional plots 
of properties against composition. 


(4) Tetra- and Poly-Component Systems 

Although compositions of four-component systems 
can be expressed with the aid of a regular tetrahedron 
and the foregoing discussions for ternary systems may 
be applied, the situation is complicated. For poly- 
component systems, regular variations of the first 
kind may be used and similar but more involved re- 
sults are obtained. 

For practical or commercial purposes, the method 
used by Gehlhoff and Thomas (pp. 317 and 318) was 
highly advocated by Zschimmer.** 


% E. Zschimmer, ‘‘Physical Properties of Glasses as a 
Function of Chemical Composition,” Z. Elektrochem., 11 
[38] 629-38 (1905). 

5% See footnote references 54(a) and 55. 


DSPARTMENT OF CHEMISTRY 
UNIVERSITY OF PITTSBURGH 
PrirrsBURGH, PENNSYVANIA 


(Part II, the conclusion of this paper, will appear in the December issue of The Journal.) 


REACTION BETWEEN METALS AND MOLTEN GLASS* 


By A. E. BADGER AND B. Barp 


ABSTRACT 


A series of melts of soda-lime-silica glass cullet in contact with various chemical 
elements was made to determine by observation the extent of the reaction between metal 
and glass. The heat treatment consisted of a period of two hours at about 1250°C. An 
atmosphere of hydrogen gas was used to protect the element from oxidation during the 
the test period. Various colors were produced by Cu, Ag, Au, Se, C, S, and Zr. Black 
fogs resulted from melts containing Ba, Cr, or V; gray or black fogs with reddish zones 
resulted from Mg, Ca, Ti, Mn, Si, and Al. A faint blue with large reddish zones was 
produced by Co. Only slight attack was shown by Fe, Ni, Zn, Cd, Bi, Sn, Pb, Mo, 


and W. 


I. Introduction 

Various observations on reactions between metals 
and molten glass have been made in practical glass 
manufacture. The formation of seed when com- 
mercial iron is accidentally introduced in glass furnaces, 
the colors produced by electrodes in contact with 
molten glass, as well as the colored glasses formed by 
colloidal gold, copper, and selenium are visible evidences 
of such reactions. 

The tendency of chemical elements to form colloidal 
fogs in fused salts, that is, pyrosols, is exhibited by melts 
of many elements in their chlorides (Zn in ZnCh, Na 
in NaCl, etc.) and also in many industrial operations, 
such as the formation of an aluminum fog in the elec- 
trolytic production of that metal. 

A series of experiments was made in order to observe 


* Presented at the Forty-Second Annual Meeting, 
The American Ceramic Society, Toronto, Canada, April 
10, 1940 (Glass Division). Received April 2, 1940. 

Pari of thesis submitted by B. Bard for the degree of 
M.S. in Ceramics, University of Illinois. 


the formation of colloidal fogs when various metallic 
elements (and a few nonmetals) were heated in contact 
with a molten soda-lime-silica glass. The elements 
that were used consisted of those which are available 
commercially at moderate cost, namely, copper, silver, 
gold, magnesium, calcium, zinc, cadmium, barium, alu- 
minum, carbon, zirconium, silicon, tin, lead, vanadium, 
antimony, bismuth, sulfur, chromium, selenium, molyb- 
denum, tungsten, manganese, iron, cobalt, and nickel. 
The metals were of c.p. grade and were in the form of 
wire, powder, pellets, or granules. 


ll. Method of Experiment 


A small amount of the chemical element, about 
'/; cc. in volume, was placed in the bottom of a por- 
celain crucible (25-cc. capacity) which was filled with 
crushed soda-lime-silica glass, a commercial bottle 
glass composition. The crucible was then placed 
near the closed end of a gas-tight porcelain tube which 
was inserted in a platinum-wound electric furnace 
(Fig. 1). Hydrogen gas was circulated in the tube to 
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prevent oxidation of the element during the heat treat- 
ment, which consisted of a period of two hours at 
1250°C. At the end of the heat treatment, the crucible 
was quickly cooled and broken open to observe the 
condition of the glass. In the case of the test with 
graphite, the element had floated to the glass surface. 
In the other tests, the elements were in the bottom of 
the crucibles except as noted in Table I. 


_Insulation _ | 


Fic. 1.—Platinum-wound electric furnace containing 
gas-tight tube through which hydrogen was passed to 
protect contents of crucible from oxidation. 


Ill. Results and Discussion 

Table I provides a summary of the appearance of 
the glasses after being heated in contact with various 
chemical elements for a period of two hours at 1250°C. 
The melting and boiling points of these elements are 
listed also.' 

The results of Table I may be summarized approxi- 
mately in the following groups: (a) copper, silver, gold, 
and selenium produced glasses with the straw-to- 
reddish tints which these elements usually impart to 
glasses; (b) carbon, sulfur, and zirconium formed 
glasses with streaks of amber; (c) barium and chromium 
caused the formation of dense black glasses, and vana- 
dium produced a similar result, except for an amber 
color near the top; (d) magnesium, calcium, titanium, 
manganese, and aluminum formed gray or black fogs 
with reddish areas near the top or sides of the crucible; 
(e) silicon produced a reddish-gray fog; (f) iron and 
nickel produced greenish-yellow glasses; (g) cobalt 
caused a very faint blue with distinct parts of the 
melt being reddish; and fairly colorless glasses 
resulted from melts containing zinc, cadmium, bismuth, 
tin, lead, antimony, molybdenum, or tungsten. 

Whether the black fogs produced in (c) and (d) 
resulted from the formation of colloidal fogs of these 
elements or whether the original elements replaced 
silicon in the glass with the formation of colloidal 
silicon has not been determined. As silicon caused 
a reddish fog, the reddish areas of the glasses named in 
(d) may be due to colloidal silicon. Cobalt, however, 
formed reddish glasses, and it seems probable that many 
of the elements existed in the colloidal state which 
formed this color. 


1 International Critical Tables, 1, 102-103 (1926). 


McGraw-Hill Book Co., New York. 
(1940) 
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The quite colorless glasses, resulting from melts con- 
taining zinc or cadmium, might have been caused by 
the loss of these metals by volatilization during the 
test period. Similar glasses from tests with molyb- 
denum or tungsten probably were due to the low vapor 
pressures of these metals and the consequent small 
tendency to form colloidal fogs. 


TABLE I 


SUMMARY OF ResuLTs AFTER HEATING CHEMICAL ELBE- 
MENTS IN CONTACT WITH MOLTEN Sopa-Lime-SILica 
Gass For Two Hours at 1250°C. 


Melt- 
ing ing 
Chemical point point 
element Appearance of melts 

Copper 1083 2300 Glass near metal colored red; 
remainder clear 

Silver 960 1950 Glass clear except for scat- 
tered brown streaks 

Gold 1063 2600 Glass uniform straw color 

Magnesium 651 1110 Black fog throughout glass; 
faint red on top 

Calcium 810 1170 Same as magnesium 

Zinc 419 907 Clear glass except for black 
areas on ace 

Cadmium 321 767 Clear glass with faint yellow 
tint 

Barium 850 1140 Dense black fog throughout 
glass 

Aluminum 660 1800 Gray fog except for reddish- 
brown surface parts 

Carbon 3500 4200 Different parts of melt clear 
to amber 

Silicon 1420 2600 Colorless glass with reddish 
part near surface; many 
bubbles 

Titanium 1800 arc Black fog throughout melt 
except for red on surface 
and near sides of crucibles 

Zirconium 1700 Ca. Bubbly glass with streaks of 

2900 amber 

Tin 232 2260 Clear glass with greenish tint 

Lead 327 1620 Clear glass 

Vanadium 1710 3000 Black fog except for amber 
surface and edges near 
crucible 

Antimony 630 1380 Similar to tin 

Bismuth 271 1450 Similar to lead 

Sulfur 113 445 Clear glass with amber 
streaks near surface 

Chromium 1615 2200 Black fog 

Selenium 220 688 Clear glass with brownish- 
red color 

Molybdenum 2620 3700 Clear glass with faint yellow 
color 

Tungsten 3670 5900 Clear glass 

Manganese 1260 1900 Similar to titanium 

Iron 1520 2450 Greenish-yellow glass 

Cobalt 1480 2900 Clear glass, most of which 
was a faint blue; distinct 
parts red 

Nickel 1452 2900 Greenish-yellow glass; black 
fog near metal 

EDITORIAL DISCUSSION 


Most of the effects produced may be explained by the 
interaction of the oxygen from the batch constituents 
with the metal added. The typical color produced by 
iron is a series starting with a blue when the iron oxide 
is reduced and green to orange, when the iron is strongly 
oxidized. The fact that iron gave a “greenish-yellow” 
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glass would indicate that considerable oxygen had been 
taken from the batch. 

Another matter of importance is the possible presence 
of traces of sulfur in the glass. Unless c.p. materials are 
used and melted without flame it is almost impossible 
to get a glass strictly sulfur-free. Traces of sulfur in the 
glass in the presence of a reduced metal and a hydrogen 
atmosphere might account for some of the yellow color. 
It is to be regretted that no blanks were run. 

The atmosphere should be merely inert rather than 
reducing to avoid possible reaction of hydrogen (reduc- 
tion) with common elements ia the glass. 

The reaction of metals like chromium, which could re- 
move oxygen from metallic (or silicon) oxides, should also 
be taken into consideration. 


Reply by A. E. Badger 
The tests were made as a survey to determine the ele- 
ments that might produce only slight contamination of 
molten glass. The possible reactions between the added 
element and the dissolved gases in the glass (notably 


water) were considered. Such interaction seemed to exist 
in some cases, but observations were indefinite as the melts 
were not visible during the tests. 

Blank tests were made, of course, and the glass did not 
show 2 ~ pronounced change in appearance. 

An inert atmosphere (as nitrogen) was not used because 
it was impossible under the test conditions to pre- 
vent the presence of small amounts of oxygen in the in- 
terior of the refractory tube. The use of a hydrogen 
atmosphere prevented the uncertainty that would be 
caused by traces of oxygen. As blank tests showed no 
pronounced effect of hydrogen on the soda-lime glass, 
there is slight objection to its use. 

The reaction of metals (as chromium) which may reduce 
silica in the glass was mentioned in the text. 
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DISCUSSION ON “THERMAL ENDURANCE OF GLASS CONTAINERS” BY F. W. PRESTON* 


By J. B. MurGcatroyp 


In the issue of the Journal of The American Ceramic 
Society for April, 1940, F. W. Preston refers to some of 
my work on the thermal endurance of containers. I was 
very much interested in this mathematical study of the 
stresses produced by a temperature gradient near the 
joint of the base and side of a bottle as Dr. E. J. Gooding 
and I for some years have sought a formula to express 
the thermal endurance of bottles. 

Dr. Preston mentions in his paper that, although I 
reported that the maximum stress under thermal shock 
occurs in the side wall near the base, I did not attempt to 
explain the matter. This is not actually the case as will 
be seen on referring to my paper which appeared in the 
Journal of the Society of Glass Technology, Vol. 16, 
p. 5, in 1932. In this paper, the phenomenon was ex- 
plained as being due to the concentration of stress at the 
base side join owing to temperature differentials across 
a section of glass in the base and the side. Dr. Preston 
has expressed the same thing mathematically and his 
explanation is therefore an improvement on mine. I 
should, however, like to draw attention to the fact that 
his statement that my empirical results were not explained 
is not the case. 

As a matter of interest, I have applied Preston’s new 
formula to results which we have obtained in our Labora- 
tory. We have worked on similar formulas without suc- 
«ess but have not used the one he proposes. Because the 
measurements are available, I shall give them for a series 
of bottles covering a range of diameters from 1.2 to 5.2 
inches. Whenever we have attempted to obtain a formula, 


* Mr. Murgatroyd wrote this discussion on May 2, 1940, 
from the Rockware Glass Syndicate, Ltd., Middlesex, 
England. 


we have used this fairly wide range because, in our ex- 
perience, many formulas will fit a comparatively small 
range of bottles, but they break down when the following 
range is considered (Table I). 


TaBLe I 

R t r Je @ @/D 
Description (in.) (in.) (in.) 
100-oz. jar 2.6 0.14 0.44 0.27 1.5 165 110 252 
9-oz. jar 1.2 0.10 0.16 0.17 1.8 227 126 195 
Pint beer 1.5 0.23 0.22 0.32 2.1 246 117 207 
1/,-oz. ink 0.7 0.13 0.10 0.16 2.3 402 175 193 
14-oz. jar 1.8 0.13 0.19 0.23 2.2 264 120 224 
14-0z. jar 
(overweights)1.8 0.18 0.19 0.25 2.2 257 117 216 
26-0z. whis- 

0 


key 1.5 0.20 0.22 0.29 2.0 250 125 219 


We defined the average breaking temperature as the 
temperature differential required to break 50% of the 
bottles and we used the Preston machine. The results 
represent the average of many tests on each type. The 
bottles were carefully handled from the lehr so that bruising 
should not affect the results. In the case of the '/;-oz. 
ink bottle, the necessary temperature differential was 
obtained by a different test, simulating the Preston ma- 
chine procedure, and the average breaking temperature 
was obtained by extrapolation so that the @ value is 
probably accurate only to +15°F. 

The notation used in Table I is that of Preston's 
paper, and in the last column is given the value of @+/D. 
In my paper, which appeared in Glass, Vol. 8, p. 272, 
1931, I mentioned that the value of the average breaking 
temperature multiplied by the square root of the diameter 
of a bottle was approximately constant, and it will be seen 
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that, over the fairly wide range given in Table I, the 
variation for this value is within +14% of the mean, 
whereas the J@ value varies +48% around the mean. 
This would indicate that the J@ value is not a constant 
over a fairly wide range of bottles. ’ 

I should like to add that I have no explanation to offer 
as to why 6+/D is approximately constant except that 
whenever a series of results fails to correlate in any way, 
the use of square roots will often show an apparent corre- 
lation. In other words, I suspect that there is no physical 
meaning to be attached to the figure although it may be 
connected with the fact that, as the diameter of a bottle 
increases, the chance of a flaw occurring in the right orienta- 
tion and in the right place also increases. It appears, there- 
fore, that when we apply our test set of results to the new 
Preston formula we are unable to substantiate it. 

We have also found that formulas of similar types 
are not confirmed in practice, and we believe that this 
is due to the fact that the premise of a uniform temperature 
gradient cannot be applied directly to the results of shock 
tests. An indication of this will be found in Mallinson’s 
“Study of a Uniform Plate Chilled on One Surface,” pub- 
lished in Gould and Hampton’s paper (Jour. Soc. Glass 
Tech., 14, 188 (1930)). Formulas which incorporate the 
premise of a straight-line temperature gradient are prob- 
ably more applicable to the results of tests in which bottles 
are filled with hot water while standing in cold water. 
In such tests, the temperature gradient which causes 
failure is built up by heating the imside face, and the 
breaking condition is reached when conditions more nearly 
approaching a straight-line temperature gradient have 
been obtained. 

Finally I should like to mention a fact that we have 
observed in chill tests using the Preston machine. If the 
thickness of the side wall near the base is noticeably less 
than the thickness of the wall approximately halfway up 
the bottle, the type of fracture produced is basal, that 
is, the fracture runs round the base-side join. If, however, 
the thickness of the wall near the base exceeds the wall 
thickness halfway up the bottle, the fracture runs ver- 
tically down the bottle and into the base without running 
round the base-side join. This indicates failure under 
different types of stress at right angles to one another in 
the two cases, but again we have been unable to find any 
relation between the types of fracture and the thermal 
endurance. I reported this to the London Section of the 
Society of Glass Technology in March, 1940. 

I await Dr. Preston’s usual vigorous treatment of these 
matters with interest. 


Reply by F. W. Prestont 
I have reread Mr. Murgatroyd’s article in the Journal 
of the Society of Glass Technology, 1932, and feel that, in 
my own article, I might have been more courteous and 
analyzed his work more fully. Mr. Murgatroyd is one of 
the few people who, to my knowledge, has grasped the es- 


t Received June 6, 1940. 
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sentials of the situation arising in thermal shock, and I have 
little fault to find either with his original presentation or 
his present comments. It happens that, historically, my 
own paper had no connection with his, and it was written 
when I was stationed far away from my laboratory and 
without access to the literature. Trouble had arisen, 
which was traced to bruising in that region of the bottle 
which I have called the Murgatroyd belt, and the question 
arose as to what strength might reasonably be expected 
of that region, The manuscript which I then prepared 
came to be in so much demand that, after a few years, it 
seemed best to publish it, and I might with advantage have 
then reviewed the literature. 

If I understand Mr. Murgatroyd’s Fig. 3 correctly, it 
illustrates much that I have tried to explain, though the 
figure itself is misleading. The base of a bottle tends to 
crown or camber as shown, but the sides do not unless 
they are split. The corollary to this is that the base tends 
to be free of stress in spite of the temperature gradient, 
whereas the side walls are stressed by the inability of a 
cylinder to curl or distort in such a fashion that each ele- 
ment of glass has a length appropriate to its temperature. 
Thus, under a static (linear) temperature gradient, an in- 
finite disk is free of stress, though cambered; whereas an 
infinitely long cylinder is stressed though it is still cylindri- 
cal. 

The problem then is what happens at the junction of the 
two when they are combined to form a container or bottle. 
Mr. Murgatroyd says (loc. cit., p. 13), “The glass at the 
angle between base and side endures the maximum bending 
moment, and hence failure begins there.” This is true and 
is the core of the whole matter, though we might add a 
caution that bending moments are not the only way of 
producing stresses in bottles. But the fact that it is so 
seems to me a tribute to Mr. Murgatroyd’s intuition rather 
than to his exposition; the figure itself proves nothing, 
and the text, showing clearly, in this and other points, the 
exactness of his conclusions, does not indicate, to my 
slower-moving mind, any method of reaching those con- 
clusions. 

I may add that Mr. Murgatroyd’s original statement 
seems to me far clearer than this one in his present com- 
ment, “The phenomenon was explained as being due to the 
concentration of stress at the base side-wall join due to the 
temperature differential across a section of the glass in the 
base and the side.” The mere presence of temperature 
differentials does not necessarily involve any stress at all, 
still less a concentration of stress; and Fig. 3, if it is related 
to a two-dimensional case instead of a three-dimensional, 
would not involve either stress or concentration of stress. 

The experimental results, when expressed numerically, 
are unsatisfactory, whether they confirm or dispute the 
theory. There are too many other things that have to 
be taken care of. The practical soluti s of the problem, 
discussed in Dr. Ghering’s paper, are perhaps our chief con- 
solation. 


Box 847 
But_er, PENNSYLVANIA 
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APPARATUS AND METHOD FOR THE DETERMINATION OF POROSITY 
IN REFRACTORY MATERIALS* 


By Grpert E. Sem, Braprorp S. Tucker, aNp H. A. Hemicman’ 


ABSTRACT 


The construction and operation of a mercury volumeter suitable for determining the 
volume of a composite sample of refractory grains is described. Porosity determina- 


tions by the method described are accurate within +0.15%. 
sity-porosity conversion charts are included. 


|. Introduction 


The methods generally used for the determination of 
the porosity of refractory materials do not completely 
fulfill the requirements of the refractories industry. 
The methods in general use depend on the saturation of 
a weighed sample of the refractory material with a 
liquid and also on the calculation of porosity from the 
dry weight of the sample, the saturated weight of the 
sample, and the weight of the sample suspended in the 
liquid. Unavoidable errors are introduced in obtaining 
the weights because it is difficult to remove the liquid 
from the surface of the sample in exactly the right 
degree. If insufficient liquid is removed, a high satu- 
rated weight is obtained; if, in removing the surplus 
liquid from the surface of the sample, some of the liquid 
is removed from the pores of the saturated sample, the 
saturated weight is too low. Experiments with differ- 
ent materials, such as cotton, wool, and chamois (dry, 
moist, and saturated) for drying the samples, have not 
eliminated the difficulty. None of the methods so far 
suggested, depending on the saturation of the sample, 
yields results within a reasonable limit of error. Care- 
ful work on the same sample often gives a negative 
quantity for the calculated volume of the sealed pores. 
This in itself is indicative of the inaccuracies in methods 
which depend on saturating the pores in the sample. 

Another method for determining porosity depends 
on the determination of the volume of the sample by 
the displacement of mercury, the expansion of gas in 
the pores to determine the partial pressure of the gas in 
a known volume, and the calculation of the volume of 
the pores from the partial pressure obtained. This 
method gives good results provided the humidity is 
absolutely controlled and the pores are not sealed. 


ll. Apparatus 


(1) Pycnometer 
The true specific gravity of the sample is determined 
by the usual method, using a pycnometer. 


(2) Volumeter 
The apparatus used for determining the apparent 
volume of the sample is shown in Figs. 1 and 2. 


* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 10, 
1940 (Refractories Division). Received April 4, 1940. 

t G. E. Seil, Technical Director; B. S. Tucker, Ceramic 
Engineer; and H. A. Heiligman, Assistant Technical Direc- 
tor, E. J. Lavino and Company, Norristown, Pa. 
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Convenient volume-den- 


A ring stand with two '/,-inch cold-rolled round rods, 
set 6 inches center to center on a base bolted to the table 
is used to support the apparatus. One rod supports 
two burettes, A and C, having large-bore stopcocks, H 
and G, respectively. Care must be taken that there is 
no constriction in the burette tips. The second rod is 
equipped with a ring stand supporting a 125-cc. separa- 
tory funnel, B, which serves as the sample-retaining 
chamber, and a portion of the ring has been removed 
to allow the easy removal and replacement of the sample 
chamber. As no rubber tubing has been found which 
does not stretch to some extent with variations in pres- 
sure owing to the mercury level, flexibility was obtained 
by the use of glass tubing connected end to end with 
pressure rubber tubing. An ell is used to connect the 
sample chamber to tube 1, which in turn is connected 
with tube 2 (see Fig. 1). 

Tubes 1 and 2 are 24 inches long with 1-inch ells bent 
parallel and on the same side of each tube. Ells 3 and 
5 and tee 4 connect burettes A and Ctotube 2. A 125- 
cc. mercury reservoir, D, is connected to the burette, 
C, with a rubber tubing stopper. 
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Apparatus and Method for Determination of Porosity in Refractories 


The sample chamber is equipped with a heavy steel 
cap, E (Fig. 2). J is a small round piece of screen wire 
which prevents the sample from floating out of the 
sample chamber, D. The shoulder, J, should fit snugly 
into the mouth of the separatory funnel, B. The 
diameter of the stem connecting J to the screen, J, 
should be '/; to '/, inch less than the diameter of the 
shoulder. AX is an agitator to eliminate any air cling- 
ing to the sample. 


Fic. 2. 


lll. Procedure 
The method depends on the fact that mercury neither 
wets nor enters the pores of refractory grains. The 
displacement of mercury by the rains therefore is a 
direct measure of the apparent volume of the grains. 


(1) Pycnometer 

The absolute volume of the grains is determined by 
dividing the number which represents the weight in 
grams of the grains by the number which represents the 
true specific gravity as determined by the pycnometer 
method. Inasmuch as most of the grains react to some 
extent with water, either because of soluble salts or 
because of hydration, it is necessary to use some other 
liquid in the pycnometer. Toluene is used by the 
writers. 

The pycnometer is calibrated with water at 25°C., 
and the specific gravity of the toluene at 25°C. is deter- 
mined. Five grams of a prepared grain sample (—325- 
mesh) are dried and placed in the pycnometer, to 
which there has been added a small quantity of toluene. 
The pycnometer is placed in a beaker which contains 
a small layer of mercury and is heated until the toluene 
boils slightly. The equipment is cooled, filled with 
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toluene, brought to temperature, and weighed. The 
true gravity is determined by the usual calculations. 


(2) Sample 

The apparent volume is obtained on a 100-gram por- 
tion of a representative sample of grain or crushed brick 
which passes a screen with */s-in. square openings and 
remains on a screen with openings '/, inch square. 
Care must be taken to avoid small pieces in the sample 
as the mercury will not displace air in very small voids 
between the grains. 


(3) Operation of Volumeter 

To calibrate the system, clean, dry mercury is added 
to burette A, stopcock H is opened, and stopcock G is 
closed until the system is full of mercury and all the air 
bubbles have been removed. The cap, E, is placed in 
the sample chamber, B. 

The support of the sample chamber, 8, is lowered 
and mercury is allowed to enter until the top of the 
meniscus touches the projection, 7, of the heavy steel 
cap, EZ. Stopcock F on the sample chamber is then 
closed. It is preferable to have reverse readings on 
burette C. The mercury is allowed to enter C from the 
burette, A, by opening stopcock G until the top of the 
meniscus is at the lowest mark on the burette. Stop- 
cock H is now closed and kept closed until the deter- 
mination is completed. Sample chamber B is raised 
in its supporting ring until the center of B and the center 
of the reservoir, D, are approximately at the same level; 
stopcocks G and F are then opened to allow the mer- 
cury to flow into reservoir D and to drain the sample 
chamber sufficiently to provide room for the sample 
Stopcock F is now closed; sample chamber B is lowered 
in its support until level with the 25-cc. mark on burette 
C; the cap, E, is removed from sample chamber B; 100 
grams of the sample are added; the cap is replaced; and 
the mercury is allowed to re-enter the sample chamber 
by opening cock F until the memscus touches projec- 
tion J of the heavy steel cap, E. Cap Eis rotate until 
the air around the grains is eliminated. The burette, 
C, is then read, and the amount of mercury displaced is 
determined by subtracting this reading from the crigi- 
nal reading. If a burette with reversed readings is used, 
the amount of mercury displaced by the sample is read 
directly. The operation is repeated five to ten times to 
check the readings. 

The mercury is drained from sample chamber B until 
it is within an inch of stopcock F, which is then closed. 
The sample and remaining mercury are removed. This 
mercury is easily cleaned by passing it through a tube 
filled with calcium chloride. The sample chamber 
should be wiped clean after each determination. 


(4) Calculations 
In this method, the figures of only three determina 
tions are needed to calculate the porosity of a sample, 
namely, (a) true specific gravity, (b) weight of sample, 
and (c) volume of sample. 
The following formula is used: 
V; — Vi 


Porosity (%) = — x 100, 
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wherein V; = weight ( ) of sample divided by its true 
ific gravity 


V; = apparent volume of sample (cc.). 


IV. Advantages 

The advantages of the method described lie in the 
fact that it is applicable to the determination of porosity 
on a composite representative sample either of re- 
fractory grain or of a crushed refractory body rather 
than on a single portion of a refractory body as is the 
case with the saturation methods. In determining the 
porosity of brick, a representative sample from any 
number of brick may be prepared. 

It is also possible to take samples from any portion of 
a brick and determine the porosity in that portion. 
Any variation in porosity throughout the brick may 
thus be established. This is illustrated in Table II. 
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The porosities of three samples of refractory grains 
were determined by three methods, using the same 
sample for all three methods. The results are given in 
Table I. 

The porosity obtained by using the water-saturation 
method shows variations from 1 to 7 units of porosity. 
The values obtained by using the kerosene-saturation 
method varied from 3 to 5 units. The highest varia- 
tion in the mercury displacement method was 0.25 
unit. 

The conversion charts (Figs. 3 and 4) are convenient 
to use, and if they are manipulated carefully, they are 
accurate to 0.25 unit of porosity. 


V. Manipulation of Graph 


(1) Known: True specific gravity. Find: True 
volume of 100 grams. 


TABLE I 
Porosity OF REFRACTORY GRAINS 
Sample A (method) Sample B (method) Sample C (method) 
Kerosene Mercury Ww Kerosene “Ww K M 
den Me. Water ercury ater ercury ater erosene ercury 
1 8.58 11.0 9.88 30.93 30.0 29.72 17.73 23.0 23.49 
2 7.84 10.0 9.88 28.93 30.0 29.72 22.78 23.0 23.49 
3 7.39 10.0 10.03 29.19 30.0 29.90 25.26 23.0 23. 59 
4 8.0 10.03 30.0 29.90 21.0 23.59 
5 11.0 10.03 34.0 29.90 25.0 23.49 
6 8.0 10.03 35.0 29.90 31.0 23.39 
Avg. 7.93 9.6 9.98 29.68 23.0 29.84 21.92 24.3 23.50 
Range of variations 1.19 3.0 0.15 2.0 5.0 0.18 7.53 8.0 0.20 
TABLE II 


Porosity (%) AND Density oF Various SECTIONS oF STANDARD BRICK 
Accuracy of porosity, 0.15; accuracy of weight/100 cu. in., 0.015 Ib.; true specific gravity, 3.826. 


Brick No. (9 by 4'/: by 3 inches in size) 


— Max 
1 2 3 4 5 6 Avg. variation 
Front end Porosity (%) 24.34 25.42 25.82 25.95 24.43 27.39 25.64 2.96 
Weight/100 cu.in. 10.39 10.31 10.25 10.23 10.44 10.04 10.28 0.40 
Back end Porosity (%) 23 .57 23.52 24.17 23.90 23.07 25.61 23.97 2.54 
Weight/100 cu. in. 10.56 10.57 10.48 10.52 10.63 10.28 10.51 0.35 
Top or brand face Porosity (%) 23.95 23.43 24.67 23.97 24.21 26.37 24.43 2.94 
Weight/100 cu.in. 10.51 10.58 10.41 10.51 16.47 10.18 10.44 0.40 
Bottom Porosity (%) 23.75 23.92 24.28 24.06 23.79 25.93 24.29 2.18 
Weight/100 cu.in. 10.54 10.51 10.47 10.50 10.53 10.24 10.47 0.30 
Core or actual Porosity (%) 23.79 22.89 24.45 23.34 24.23 25.31 24.01 2.42 
center Weight/100 cu. in. 10.53 10.66 10.44 10.59 10.47 10.32 10.50 0.34 
Avg. Porosity (%) 23.98 23.84 24.68 24.24 23.95 26.12 24.47 2.61 
Weight/100 cu. in. 10.51 10.53 10.41 10.47 10.51 10.21 10.44 0.36 
Max. variation Porosity (%) 1.27 2.53 1.65 2.61 1.36 2.08 1.92 
Weight/100 cu.in. 0.17 0.35 0.23 0.36 0.19 0.28 0.26 
Brick No. (9 by 4'/: by 2'/: inches in size) = 
- ~ ax 
1 2 3 4 5 6 Avg. variation 
Front end Porosity (%) 27 .37 30.48 27.29 32.03 24.88 24.18 27.70 7.85 
Weight/100 cu.in. 10.12 9.69 10.13 9.47 10.47 10.56 10.07 1.09 
Back end Porosity (%) 25.06 28.03 24.99 30.11 22.99 23.06 25.71 7.12 
Weight/100 cu.in. 10.44 10.03 10.45 9.74 10.73 10.72 10.35 0.99 
Top or brand face Porosity (%) 26.17 28.57 25.89 23.74 25.89 23.28 25.59 5.29 
Weight/100 cu.in. 10.29 9.95 10.33 10.63 10.33 10.69 10.37 0.74 
Bottom Porosity (%) 26.17 28.01 25.68 23.65 23.15 26.13 25.47 4.86 
Weight/100 cu.in. 10.29 10.03 10.35 10.64 10.71 10.29 10.39 0.68 
Core or actual Porosity (%) 25.96 28.37 26.08 30.30 25.79 22.92 26 . 57 7.38 
center Weight/100 cu.in. 10.32 9.98 10.30 9.71 10.34 10.70 10.23 0.99 
Avg. Porosity (%) 26.15 28.69 25.99 27.97 24.54 23.91 26.21 6.50 
Weight/100 cu. in. 10.29 9.94 10.31 10.04 10.52 10.59 10.28 0.90 
Max. variation Porosity (%) 2.31 2.47 2.30 8.38 2.90 3.21 3.59 
Weight/100 cu.in. 0.32 0.34 0.32 1.17 0.40 0.43 0.50 
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Locate true specific gravity on left ordinate scale; 
follow this value to its intersection with the volume- 
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density curve; read the true volume below this inter- 
section on the abscissa scale. 

(2) Known: Apparent volume. Find: Apparent 
specific gravity and bulk density. 

Locate the apparent volume on the abscissa scale; 
follow this value up to its intersection with the volume- 
density curve; from this point, read horizontally on 
left and right ordinate scales for apparent specific grav- 
ity and bulk density, respectively. 

(3) Known: True specific gravity and apparent 
volume of 100 grams. Find: Porosity (%). 

Locate apparent volume on lower abscissa scale; fol- 
low this value to the volume-density curve; follow this 
point uorizontally left or right to the diagonal true 
specific gravity line which represents the sample; read 
the percentage of porosity above this intersection on the 
abscissa scale. 

(4) Known: Apparent specific gravity and true 
specific gravity. Find: Porosity (%). 

Locate apparent specific gravity on the left ordinate 
scale; follow this value to its intersection with the di- 
agonal true specific gravity line; read the percentage 
of porosity above the intersection on the abscissa scale. 

(5) Known: Bulk density and true specific gravity. 
Find: Porosity (%). 

Locate bulk density on the right ordinate scale; fol- 
low this value to its intersection with the diagonal true 
specific gravity line; read the percentage of porosity 
above this intersection on the abscissa scale. 


VI. Conclusions 

(1) The mercury displacement method of determin- 
ing the porosity of refractory grains is accurate within 
+().25 unit of porosity; (2) it allows a composite sample 
to be used for the determination; (3) it eliminates the 
inaccuracies inherent in methods wherein free liquid is 
removed from the surface of the sample; (4) it elimi- 
nates the error due to closed pores in the sample; (5) 
it is adaptable to any type of ceramic material; and (6) 
it does not determine the size or the placement of the 
pores nor does it have any bearing on the distribution 
of the pores although it does differentiate between 
holes in the refractory and in the pores; an exact defini- 
tion, however, of a hole and a pore is not given. 
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USE OF CAST ALUMINA REFRACTORIES IN THE GLASS INDUSTRY* 


By H. N. BAuMANN, JR., AND A. A. TuRNER! 


ABSTRACT 


The development of cast alumina refractories is briefly described, and the physical and 
chemical properties of three types of high-alumina, fusion-cast refractories that have 


proved commercially successful are given. 


Such properties as microstructure and 


glass-refractory interface reactions are discussed, and the use of these refractories with 


several different types of glass is described. 


|. Introduction 


The production of refractories with improved resist- 
ance to corrosion and erosion has long been one of the 
major problems of the glass industry. To obtain 
even passable tank life with corrosive fluoride and 
borosilicate glasses, glass compositions sometimes have 
been altered to favor the refractories. Operating 
temperatures and production rates therefore have 
been limited frequently by the type of refractories 
used. 

In undertaking the development of refractories with 
marked superior corrosion resistance, no preconceived 
ideas of composition and structure or of method of 
fabrication were at first accepted. The destructive 
effects of the more corrosive glasses were studied as 
well as the reactions and rates of corrosion of soda-lime 
glasses, metallurgical slags, enamels, frits, and chemical 
fusions. This study is still in progress, and a number of 
refractories of different composition and structure are 
in the development stage. Three types of fusion-cast 
alumina, however, have proved to be commercially 
useful, and this paper is chiefly concerned with their 
physical and chemical properties. 


ll. Preliminary Studies 

This study was begun by investigating the mecha- 
nism of attack and failure of the commonly used 
refractories. A representative number of specimens of 
new and used refractory materials was obtained, and 
these specimens were studied from the standpoint of 
their physical and petrographic properties. Par- 
ticularly interesting were the interfaces of the used re- 
fractories. A typical interface between a soda-lime 
glass and a clay refractory is shown in Fig. 1 (¢). The 
need of actually seeing some of these reactions take place 
was recognized, which led to the development of the 
thermal microscope. Typical reactions may be ob- 
served with this microscope, both directly and by cine- 
photomicrography, so that they may be studied leis- 
urely and, in some cases, at an accelerated rate.* 


* Presented at the Forty-Second Annual Meeting, 
The American Ceramic Society, Toronto, Canada, April 
a 1940 (Refractories Division). Received April 10, 
1940. 

t H. N. Baumann, Jr., Research Department, Carborun- 
dum Company, Niagara Falls, N. Y.; A. A. Turner, Refrac- 
eo Division, Carborundum Company, Perth Amboy, 


Some of this petrographic and thermal microscopic 
work was described by Dr. Tone before the Electrochemical 
Society at the time he received the Acheson medal 
(F. J. Tone, “Super-Refractories,” Trans. Electrochem. 


These preliminary studies served to indicate (1) 
that, as far as glass composition is concerned, the 
silica content should be eliminated or radically reduced 
and (2) that alumina is relatively stable and extensive 
studies should be made on high-alumina compositions. 
The studies also showed that, relating to the structure 
of corrosion- and erosion-resistant refractories, the con- 
tinuity of the pore structure and the less refractory 
bonds should be eliminated, and a thorough interlocking 
or embedding of the larger grog or crystalline particles 
should be secured. The development of fused-cast 
alumina refractories seemed to fulfill these require- 
ments. 


Ill. Small-Scale Tests 

Although the possibility of designing a laboratory 
simulative service test was considered, it was finally 
decided that all corrosion tests on glass should be con- 
ducted at a glass plant under conditions approaching, 
as closely as possible, those of commercial work. 

Small test pieces accordingly were cast and par- 
tially submerged in a day tank or in a small continuous 
tank to evaluate the nature and severity of reaction 
with borosilicate, fluoride, and highly alkaline soda- 
lime glasses. A wide range of compositions was 
covered by these tests which in general indicated the 
superiority of compositions high in alumina and also 
showed that fusions which have a predominantly crys- 
talline structure with little or no interstitial glass are 
superior to fusions in which glass predominates. A 
fusion highly glassy in its structure is no more resistant 
than the glass itself. 

On the basis of these preliminary tests, many of the 
mixes were eliminated from further consideration. The 
outstanding compositions were frequently re-tested, 
and each constituent was varied up and down the 
scale to select that composition with the optimum 
amount of each constituent. Throughout all of these 
tests it was important that the glass quality be entirely 
satisfactory. Compositions suspected of causing dif- 
ficulty from the standpoint of seeds, for example, were 
immediately eliminated from further consideration 
A number of the compositions selected have now been 
patented, and additional patents are pending. 


Soc., 68, 22-26 (1935)). The film was also shown to The 
American Ceramic Society at the Columbus Meeting in 
1936 (motion picture presented by Research Laboratory, 
the Carborundum Co., R. C. Benner, Director; note on 
“Super-Refractories Through the Microscope,” Bull. 
Amer. Ceram. Soc., 15 [7] 255 (1936)). 
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Fic. 1.—(a) Thin section of interface of clay flux block and a soda-lime glass (75 X ), crossed Nicols, selenite plate 
(note mullite devitrification, iron stain, and residual clay particles); (6) thin section of microstructure of Monofrax 
H (150X), crossed Nicols, selenite plate; (c) thin section of Monofrax H, showing closely packed twinned beta- 
alumina crystals (75 X ), transmitted polarized light; (d) thin section of Monofrax K (75x), crossed Nicols, selenite 
plate; (e) thin section of fused-quartz test block and soda-lime glass (150) (note devitrification at interface) ; 
(f) thin section of interface of fusion-cast aluminum-silicate and borosilicate glass (75) (note flow lines of glass. 


with different refractive indices). 


(1940) 
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IV. Intermediate Series of Tests 

The most promising compositions, as determined by 
small-scale tests, were then tested. The shapes used 
were those of larger blocks, and a commercial day tank 
was constructed entirely of these cast blocks except 
for certain refractories to be used for comparison. 
After this tank was operated for thirteen months, it 
was torn down and rebuilt with other compositions 
and modifications, although all of the cast blocks were 
in excellent shape. The rebuilt day tank with the new 
compositions was in operation on a variety of glasses 
for about three years. 

Shortly after the first day-tank test was started, 
individual blocks or panels of the preferred com- 
positions were installed in continuous tanks being 
operated in different plants under a great variety of 
conditions. 


V. Commercial Application 

The change from the panel tests under commercial 
conditions to a more widespread use of these several 
compositions was a gradual process. Larger and larger 
installations were made, and the first continuous 
tank to be built entirely with Monofrax* was installed 
more than three years ago and was successfully operated 
on a special type of glass. 

Three specific compositions, which will be referred to 
as Monofrax H, K, and L, each with its particular 
properties and applications, have emerged from these 
studies. The work has also shown definitely that 
no single fused-cast refractory is ideal for all types of 
glasses and all locations in a glass tank and that the 
proper refractory must be selected for specific positions. 


VI. Descriptions of the Three Types 


(1) Monofrax H 

The crystalline composition of Monofrax H is known 
as beta-alumina. In its commercial form, it is almost 
entirely free of matrix material; probably no other com- 
mercial refractory consists so completely of a single 
crystalline phase. The crystal habit of this material 
is to form plates which are so closely packed and 
twinned that, although fusion-cast H refractory blocks 
are almost entirely free of matrix or interstitial ma- 
terial, they are characterized by great density. Their 
microstructure is shown in Fig. 1 (6) and (c). The 
parallel plates are characteristic, but these are caused 
by polysynthetic twinning rather than by cleavage. 
The earlier literature described beta-alumina as having 
prominent basal cleavage, but the writers agree with 
Barlett,' who stated that no cleavage was to be ob- 
served petrographically. 

Although beta-alumina has been reported to be un- 
stable under certain laboratory conditions, it has proved 
to be quite stable in commercial service under a wide 
range of furnace conditions, where it occurs in the 


* Monofrax is a registered trade mark for cast alumina 
refractories. 

1H. B. Barlett, “Occurrence and Properties of Crys- 
talline Alumina in Silicate Melts,’’ Jour. Amer. Ceram. 
Soc., 15 [7] 361-64 (1932). 


presence of alkali or alkaline earth oxides or of glasses 
containing these constituents. Any apprehension on 
this score may be definitely dismissed. 


(2) Monofrax K 


Type K fusion-cast high alumina refractory is made 
by fusing alumina with a minor amount of chromite. 
Microscopically, it consists of a form of alpha-alumina 
with a matrix of what may be chiefly chromite con- 
taining spinel. Figure 1 (d) shows a typical micro- 
structure, the prevailing alpha-alumina crystals being 
plainly evident. 


(3) Monofrax L 


Monofrax L is a composition of crystalline alumina, 
modified by the presence of small amounts of silica, 
titania, and alkaline-earth oxides which alter the 
physical structure and casting properties. The alu- 
mina crystals occur in two petrographic generations, 
the predominating form being the primary phase 
(alpha-alumina) crystals that form the body of the 
refractory. The secondary alumina is contained in 
the intercrystalline matrix. 


(4) Comparison of H, K, and L 

When large sections of these types of Monofrax are 
observed, they are found to be characterized by three 
distinct types of structure. 

Type H is dense throughout, there are few pores or 
holes, and the section is free of pipes. 

Type K is free of pipes, but it contains evenly dis- 
tributed, sealed pores. 

Type L is dense and quite free of pores, but it often 
shows some piping near one face of the block. 


(5) Chemical Composition of H, L, and K 

Type H is exceptionally free of ingredients that could 
cause contamination or discoloration in glass, the total 
ingredients other than alumina and soda being less 
than 0.5%, of which the major portion is silica. It is 
probably the purest refractory product commercially 
obtainable, particularly from the viewpoint of the glass 
technologist. 

Type L is characterized by a high percentage of 
alumina which, as has been indicated, is present 
chiefly as alpha-alumina. This high content of 
crystalline alpha-alumina results in a very slow rate of 
corrosion so that the amount of iron and titania intro- 
duced into the glass is insignificant. 

A casual consideration of the chrome content of 
type K might indicate it to be an undesirable material 
when it is subjected to the corrosion of molten glass. 
Tests, however, show it to have a very slow rate of cor- 
rosion in the presence of all commercial glasses so that 
the color effect of the iron and chromic oxide is quite 
negligible. Because the usual glass-batch ingredient 
and other refractories are free of chromium, the 
chromium in the glass produced in a tank containing 
type K refractory may serve both as a measure of the 
rate at which K is being corroded and of the amount of 
total oxide supplied to the glass by the refractory. 
In a sheet-glass tank, where an 18-inch depth of K 
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was used at the metal line in the melting end to beyond 
the neck, the chromium oxide content of the glass 
produced was 0.0008%. The corresponding increase 
in the content of iron oxide (of which there is also a 
certain amount in type K) furnished by the refractory 
to the glass would be on the order of 0.0006%. 


(6) Physical Properties 


The softening point in each type is well over 1700°C. ; 
none shows any deformation under a load of 25 lb. per 
sq. in. at 1500°C. Even the K mix, which is the 
least resistant to spalling of the three types, withstands 
heat shock well, and the H and L mixes in this respect 
are definitely superior to K. This means, particularly 


with the H and L types, that it is feasible to bring a 
furnace up to operating temperature at a reasonable 
rate without using more care than would be dictated 
by good judgment in the operation of any furnace. 
Compared with many bonded refractories, the spalling 
resistance even of the H mix, of course, is decidedly 
lower. 

Type H is unique in that it is readily translucent 
even to visible light, which has caused some concern 
because the redness of the outer face of the blocks was 
first taken to indicate a high temperature. As a matter 
of fact, H has the lowest thermal conductivity of the 
three types. Its weight per unit volume and its thermal 
expansion are also lower than those of its companion 
mixes. 


Fic. 2. —(g) Thin section of interface of Monofrax H and borosilicate glass (75), crossed Nicols, selenite plate; 
(hk) thin section of interface of a fusion-cast aluminum-silicate and a fluoride-type opal glass (150), crossed Nicols, 
selenite plate; (i) interface of Monofrax L and a fluoride-type opal glass (150), crossed Nicols, selenite plate; (j) 
thin section of interface of Monofrax K and soda-lime glass (150), transmitted polarized light. 
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Thermal conductivity 


(cal./ec./sec./°C.) at 
350 °-850°C. 0.0059 0.0107 0.0137 


{25;-750°C- 5.69 7.00 
Spalling test (No. of 

spalls at 700°C.)* 40 3 33 
Lb./cu. ft. (avg.) 180 205 201 


* The spalling test consisted in heating the entire test 
block to 700°C. in a ‘“‘Globar” furnace, cooling to room 
temperature in air, and then replacing the test block in the 
furnace at 700°C. The spalling values are the number 
of cycles before breaking. The following comparable 
values for bonded commercial refractories may be cited to 
orient the reader’s viewpoint: silica brick 1+, magnesia 
7, and chromite 2. 


Vil. Interface Studies 


One of the most interesting and helpful means of 
investigation at all stages of this development has been 
the examination of the glass-refractory interfaces of 
tested samples. This has proved (and continues to 
prove) to be the most useful means to determine the 
mechanism of corrosion; for example, it was determined 
early in these studies that microscopically there is 
usually no sharp line at the interface between soda- 
lime glass and clay flux blocks (see Fig. 1(a)). The 
nature of chemical solution may be detected in some 
cases by devitrification crystals; for example, in Fig. 
l(e), quartz-glass refractory is dissolved and a large 
amount of cristobalite is precipitated, indicating the 
solution of such a large amount of silica that the 
interfacial giass had come to equilibrium in the high 
silica field of the Na,O-CaO-SiO, system. This 
method of examination may be used therefore to 
determine whether mechanical or chemical processes 
are the chief cause of corrosion in any given instance. 
It may also show how corrosion for any single re- 
fractory will differ with different kinds of glass. Boro- 
silicate glasses destroy refractories chiefly by chemical 
action. The glass-refractory interface generally shows 
clear glass, and penetration into the refractory is small. 

Figure 1 (f) and Fig. 2 (g) show two refractories, both 
in contact with borosilicate glass. Figure 1(f) shows 
a fusion-cast aluminum silicate; Fig. 2(g) shows a 
type H fusion-cast alumina. The corrosion of the 
first was much greater than that of the H type, but the 
chief difference petrographically is in the absence of 
flow lines in the latter. 

Soda-lime glasses destroy both by penetration and by 
chemical reaction. Fluoride opal glasses may destroy 
refractories both by chemical reaction and by me- 
chanical disintegration through penetration. Figure 
2(h) shows a cast aluminum-silicate refractory, and 


both penetration and solution by a fluoride glass may 
be observed. Figure 2(¢) shows Monofrax L; the glass 
has not penetrated the refractory, but there has been 
chemical reaction. 

If a refractory consists of more than one phase or of 


a grain and a bond, the relative corrosive reaction be- . 


tween the glass and each constituent may be learned. 
Monofrax K is shown in Fig. 2(j) in contact with a soda- 
lime glass. Penetration has been small, but the order 
of chemical solution has been differential. The matrix 
begins to dissolve first, but penetration is minimized 
because of its presence; the alpha-alumina crystals 
are dissolved next, but this solution is probably re- 
tarded because of the immiscibility of chromic oxide 
and silica,? and residual chromic oxide is the last 
part of the Monofrax K to dissolve in a highly siliceous 
glass. This cycle is continually repeated, but the 
steps follow each other so closely that at no time 
does the solution of the more easily dissolved con- 
stituent advance much beyond the highly refractory 
primary crystals of alpha-alumina. 


Vill. Application 

The purity and superior resistance to corrosion and 
erosion of Monofrax H make it an interesting material 
for the production of high-grade crystal glassware. 
Laboratory tests and commercial work show it to be 
well suited for borosilicate and fluoride-borosilicate 
glasses. 

Because of the fact that it may be cast as a solid 
dense block with practically no voids and because of 
its resistance to ‘‘upward eating,’’ Monofrax H is being 
used with all types of glasses for bridge walls and 
throats. 

Monofrax K is the most resistant to corrosion and 
erosion of the three compositions, and it is being used 
for doghouses and for melting-end side walls even in 
fluoride tanks. Owing to its extreme resistance to 
erosion, there is less glass contamination than for the 
usual type refractories. 

This is also the preferred composition, as shown by 
commercial tests for resistance to most metallurgical 
slags and rock and slag fusions, for the production of 
insulating wool. 

Monofrax L is intermediate between H and K in 
purity. It is being used for the melting and refining 
ends and for bridge walls where the exceptional purity 
of H is not required. 
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?E. N. Bunting, “Phase Equilibria in the System 
Cr,0;-SiO2,” Bur. Stand. Jour. Research, § [2] 325-27 
(1930); R. P. 203; Ceram. Abs., 10 [1] 67 (1931). 
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CONCENT® ATION OF FELDSPATHIC WASTE FROM A TITANIUM MINE NEAR 
ROSELAND, VIRGINIA* 


By D. I. Smrrn, R. G. O’Mgara, AND T. N. McVay' 


ABSTRACT 


The beneficiation of the feldspathic waste from a titanium mine near Roseland, Vir- 
ginia, is discussed. This waste, which is mainly sodic plagioclase, quartz, and an iron- 
bearing mineral, gedrite, contains about 5.3% of Fe,O;. By magnetic concentration, 
73% of the feed was recovered in a feldspar-quartz mixture with an iron content of 
0.81% of Fe,O;. From this nonmagnetic product, between 85% and 90% of the feldspar 
with an iron content of 0.41 to 0.52% of Fe,O; was recovered by agglomerate tabling and 


flotation. 


Examination of the feldspar concentrate, however, showed that iron stains 


and iron-bearing impurities of microscopic size in the feldspar prevented the separation 
of a feldspar concentrate with less than 0.36% of Fe,Os. 


|. Introduction 

Feldspar is one of the most common minerals in 
crystalline rocks, but its abundance alone does not as- 
sure a supply of feldspar suitable for the ceramic indus- 
try. Industrial feldspar is obtained from feldspathic 
rocks in which the coarse crystalline structure favors 
selective mining and hand picking. Deposits of this 
type are being depleted rapidly, and there is little 
probability that many new occurrences favorably situ- 
ated for the consumer remain to be discovered. Future 
supplies of feldspar, therefore, may have to come from 
the present feldspar mine-waste or from the widely dis- 
tributed granites and related rocks in which feldspar is 
finely disseminated. Feldspathic tailings from a former 
milling operation likewise may be an attractive source 
of feldspar because of minimized mining and grinding 
costs. The separation of feldspar from quartz and some 
of the associated impurities has been demonstrated,' 
but the rejection of still other impurities with which the 
feldspar may be associated presents a problem that may 
necessitate a different modification of the process for 
each mineral. 

This paper describes the separation of feldspar in a 
mill tailing, hereafter referred to as waste, from a tita- 
nium mine in Nelson County near Roseland, Virginia. 
The feldspar is the same type contained in the feld- 
spathic product known as aplite and mined at the present 
time in Nelson County. The objective of the research 
was to develop a method of beneficiation by which a 
—20-mesh feldspar suitable for the glass trade could 


* Presented at the Forty-Second Annual Meeting, 
American Ceramic Society, Toronto, Canada, April 9, 
1940 (Materials and Equipment Division). Received 
February 23, 1940. 

This paper has been prepared from a thesis submitted 
by D. I. Smith in partial fulfillment of the require- 
ments for a degree of M.S., University of Alabama. It is 
published with permission of the Dean of the Graduate 
School and by permission of the Acting Director of the 
Bureau of Mines, U. S. Department of the Interior. 

t D. I. Smith, graduate student, University of Alabama; 
R. G. O’Meara, nonmetals engineer, Bureau of Mines, 
Tuscaloosa, Ala.; and T. N. McVay, professor of Ceramics 
and Mineralogy, University of Alabama. 

?R. G. O’Meara, J. E. Norman, and W. E. Hammond, 
“Froth Flotation and Agglomerate Tabling of Feldspars,”’ 
Bull. Amer. Ceram. Soc., 18 [8] 286-92 (1939). 
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be recovered. The study of the composition and struc- 
ture of the waste and the results of laboratory concen- 
tration tests using magnetic separation, agglomerate 
tabling, and flotation are described. 


ll. Description of the Waste 


The waste was rejected in milling a titanium ore from 
a mine in the rutile area of Nelson County near Rose- 
land. These deposits, called “nelsonite,”’ are a series of 
dikelike bodies that are syenite rocks containing tita- 
nium and ferromagnesian minerals. In the milling, the 
ore was crushed through 8-mesh and concentrated on 
tables to recover the titanium minerals. 

The waste contains about 60% of sodic plagioclase, 
14% of quartz, and 26% of material that is mainly ged- 
rite, but it also includes minor amounts of ilmenite, 
rutile, zoisite, apatite, and muscovite. This waste assays 
5.31% of Fe,O3; most of the latter occurs as gedrite, but 
some of it is present in the other accessory minerals 
and as alteration products or stains on the minerat 
grains. Most of the feldspar particles contain inclu- 
sions of plates of apatite and of microscopic specks of 
zoisite and other alteration products. Some interlock- 
ing of minerals in —20- + 48-mesh particles also was 
observed. A screen analysis of the tailing showed no 
important size segregation of the iron-bearing minerals. 

A sink-and-float separation of the waste with liquids 
of different specific gravities indicated that any method 
of concentration depending on differences in specific 
gravity would be unsatisfactory. Agglomerate tabling 
and flotation, alone and preceded by magnetic concen- 
tration, were considered next as possible treatments that 
would separate the feldspar with the proper size ratio 
for the trade requirements. 

It should be noted at this point that agglomerate ta- 
bling is the table concentration of minerals selectively 
oiled so that the particles congregate in floccules which, 
owing to film suspension and low apparent specific 
gravity, float across to the tailing side of the table, 
whereas the unoiled minerals move to the concentrate 
end. 

By agglomerate tabling and flotation following the 
procedure and by the use of cationic reagents,’ much of 
the iron-bearing material in the waste was depressed 
with the quartz, but the feldspar still contained appre- 
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ciable iron. High-intensity magnetic concentration of 
the waste separated most of the iron-bearing minerals, 
but some particles with iron stains and inclusions re- 
mained in the nonmagnetic part. When, moreover, the 
usual agglomerate tabling and flotation procedure was 
applied to this nonmagnetic part of the waste, it failed 
to reject the iron-contaminated or locked grains. A 
modification of the usual agglomerate tabling and flota- 
tion procedure for separating feldspar therefore was 
necessary. In this modification, a two-step treatment 
was used in the agglomerate tabling, and a three-step 
treatment was used in the flotation. That is, the usual 
agglomerate tabling with cationic collectors was pre- 
ceded by agglomerate tabling with anionic collectors, 
and the usual flotation with cationic collectors was pre- 
ceded first by flotation with cationic collectors and then 
by flotation with anionic collectors. In modifications of 
the usual procedure,' all of the collectors used were of 
the cationic type. As the two types of collectors are 
different, the anionic being suitable for basic minerals 
and the cationic for acidic minerals, these two-step 
and three-step separations have considerable interest. 
In the following treatment, the waste was crushed 
through 10-mesh, and the magnetic material was re- 
jected. The nonmagnetic material was then crushed 
through 20-mesh and screened on 48-mesh. The + 48- 
mesh was agglomerated and tabled, and the —48- 
mesh was treated by froth flotation. 


Ill. Magnetic Separation 
The —10-mesh waste was treated on a two-roll, high- 
intensity magnetic separator. By magnetic concentra- 
tion, a feldspar-quartz mixture with an iron content of 
0.81% of Fe,O; was separated. ‘The recovery of this 
material was 73%. The details of the test are shown in 
Tabie I. 


The magnetic tailing, which was mainly gedrite, con- 
tained some ilmenite, rutile, zoisite, and stained grains 
of quartz and feldspar. Examination of the nonmag- 
netic product showed that the 0.81% of Fe:O3; was due 
partly to free but chiefly to interlocked or included iron- 
bearing minerals of microscopic size. This nonmag- 
netic quartz-feldspar mixture was crushed through 20- 
mesh and screened on 48-mesh. About 90% of the 
ground product was coarser than 48-mesh. The + 48- 
mesh material was agglomerated and tabled, and the 
— 48-mesh part was separated by flotation. 


IV. Agglomerate Tabling 

The — 20- + 48-mesh nonmagnetic product was first 
wet with water to make a pulp of about 60% of solids. 
To separate the feldspar from both the quartz- and 
iron-contaminated grains, two agglomerate tabling 
operations were required. In each, the reagents and oil 
were added for agglomeration, which was followed by 
tabling. First, an anionic collector was employed to 
remove the iron-stained material, and the customary 
cationic collector was then used to remove the feld- 
spar. The results of a typical test are given in Table II. 

The feldspar concentrate contained 2% of quartz and 
0.52% of Fe,O;, and the recovery was nearly 95%. 


V. Flotation 

In the flotation, as in the agglomerate tabling, a 
combination of three successive flotation treatments was 
used to separate the feldspar from tie quartz, the iron- 
bearing minerals, and the claylike alteration products, 
The — 48-mesh nonmagnetic product was mixed with 
water to form a pulp of about 20% of solids. To reduce 
the consumption of reagents in the flotation of the feld- 
spar, the slime was removed first by flotation with a 
cationic collector, such as a short-chain amine. (The 
claylike alteration products could have been partly re- 


TABLE I moved by simple decantation.) The iron-contaminated 
MAGNETIC CONCENTRATION OF —10-MgsH WASTE floated next with an anionic reagent. 
Distsibe- ceeding this second step, the feldspar was floated with 
Weight Agony tion the customary cationic reagents. The results of a test 
( Fe:Os (%) (%) using this combination of treatments are given in Table 
Me tic taili 27:0 +«+17 48 889 The feldspar concentrate, containing 1% of quartz 
and 0.41% of Fe,O3, was 63.1% of the flotation feed and 
Composite 100.0 5.31 100.0 represented a recovery of 81.7%. A lower iron content 
TaBce II 
AGGLOMERATE TABLING TEST oF NONMAGNETIC WASTE 
Lb./ton of feed 
Reagent Iron separation Feldspar separation 
Sodium oleate 2.00 
Hydrofluoric acid 4.00 
Lauryl amine hydrochloride (DP 243) 2.00 
Crude diesel oil 4.00 4.00 
Assay (%) Distribution (%) 
Product (%) FerOs Feldspar Quartz FeO; Feldspar Quartz 
Iron concentrate 10.3 4.08 29.0 16.0 48.2 4.0 8.5 
Feldspar concentrate 73.2 0.52 98.0 2.0 43.7 94.9 7.5 
Quartz tailing 16.5 0.45 4.6 95.4 8.1 1.1 84.0 
Composite 100.0 0.87 75. 18.8 100.0 100.0 100.0 
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TABLE III 
FLOTATION TEST ON NONMAGNETIC WASTE 
Lb./ton of feed 
Reagent Slime flotation Iron flotation Feldspar flotation 
Tributyl amine 0.33 
Sodium oleate 2.0 
Hydrofluoric acid 4.0 
Lauryl amine hydrochloride (DP 243) 2.0 
Assay (%) Distribution (%) 

Product (% FexOs Feldspar Quartz Fe:Os Feldspar Quartz 
Slime concentrate 7.3 
2.82 75.3 7.1 60.9 18.2 7.0 
Feldspar concentrate 63.1 0.41 99.0 1.0 29.9 81.7 3.2 
Quartz tailing 18.0 0.47 | 1.4 98.6 9.2 0.1 89.8 
Composite 100.0 0.81 9 18.6 100.0 100.0 100.0 


was obtained in the flotation than in the agglomerate 
concentrate because of less locking in the —48-mesh 
sizes of the feldspar. 

Examination of the feldspar concentrate with a high- 
intensity analytical magnet showed that a few particles 
of iron-bearing minerals were present. Removal of 
these impurities in this manner reduced the iron content 
of the feldspar product from 0.41 to 0.36% of FeOs, 
which indicates that the flotation process removes most 
of the free iron-bearing impurities remaining in the 
nonmagnetic product from the previous magnetic con- 
centration of the waste. The intimate association of 
the iron-bearing mineral, zoisite, with the feldspar and a 
few iron oxide-coated feldspar grains, however, pro- 
hibited the iron content of the feldspar product from be- 
ing reduced to less than 0.36% of Fe,Os3. 


VI. Summation of Results 
By the combined treatment of magnetic concentra- 
tion, agglomerate tabling, and flotation, most of the 
clean feldspar was recovered, and most of the iron other 
than that locked with or staining the feldspar particles 


was rejected. Table IV summarizes the results, show- 
ing the rejection of the iron and concentration of the 
feldspar in each step. 


TABLE IV 
ANALYSIS OF BENEFICIATED PRODUCTS 
Assay (%) 
Product FeO: Feldspar Quartz 
As received 5.31 60.3 13.9 
Nonmagnetic concentrate 0.81 77.2 18.6 
Flotation feldspar concentrate 0.41 99.0 1.0 
Agglomerate feldspar concen- 

trate 0.52 98.0 2.0 


Although the association of minerals in the waste 
prevented the separation of a feldspar with as low iron 
content as desirable, the modification of the usual 
method for separating feldspar from quartz was adapt- 
able and may be satisfactory for ores that are less com- 
plex. 
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DECALCOMANIA: PROPOSED DEVELOPMENT* 


By ArtuurR S. Watts 


ABSTRACT 


The greatest fault of overglaze decalcomania is the lack of resistance to solution and 
abrasion, which is due chiefly to the fluxes used for adherence to the glazed surfaces and 


for the development of brilliancy. 


these properties may be greatly improved. 


With our increasing knowledge of silicate eutectics, 


Various color fluxes are tested and several 


experimental fluxes with improved chemical resistance are reported. The possibilities of 
overglaze colors and decalcomania that mature at 1500° and 1750°F. are also discussed, 


and some data are furnished. 


1. Introduction 
Although the United States dinnerware manufacturer 
need not fear foreign competition at the close of the pres- 


* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 9, 1940 
(White Wares Division). Received April 9, 1940. 


(1940) 


ent war because of the quality of the body or the glaze, 
the dealer, as well as the public, is still far from satisfied 
with overglaze decalcomania. The question is how can 
the resistance to wear and solution of these overglaze 
decorations be improved. The flux normally used is a 
lead borosilicate, which alone shows relatively little 
resistance to wear or solution. The colors, moreover, 
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cannot be expected to display more resistance than the 
vehicle by which they are surrounded and bonded on 
the glaze surface. The only possible exception would 
be where the colorant dissolves in the flux and raises its 
resistance. A study of these fluxes seems to offer a 
practical remedy to these problems. 


ll. The Investigation 
The following glasses were melted and applied as thin 
giazes to china biscuit which had been thoroughly 
vitrified : 


Glaze No. 
1 PbO 0.5 SiO, 
2 “ 0.25 BOs 0.60 SiO, 
0.15 BOs 
3 0.10 AlO; 1.12 
0.125 
4 0.125 AlOs 1.25 
5 “ 0.25 AlO, 19 “ 


After firing for thirty minutes, the following maturing 
temperatures were reached for each glass: No. 1 
1300°F., No. 2 1350°F., No. 3 1450°F., No. 4 1450°F., 
and No. 5 1550°F. All of the glazes were then fired in 
thirty minutes to 1550°F. and subjected to a 0.25% 
solution of trisodium phosphate for eight hours at 
200°F. The following results were obtained: Nos. 1 
and 2 definitely etched; No. 3 slightly etched; No. 4, 
no visible etching but iridescent spots indicating 
chemical action; No. 5 no attack. 

A new set of glazes was prepared as follows: 


Glaze No. 
Pl PbO 0.15 Al,O; 1.00 SiO, 
P2 ae 1.50 
P3 1.75 oe 


These glazes were applied and fired at 1500°F. in thirty 
minutes and at 1800°F. in forty-five minutes. The 
same tests were applied as in the first glaze series 
with the following results: 


No. P1 at 1500°F. etched; at 1800°F. slight etching. 

No. P2 at 1500°F. less etched; at 1800°F. very slight 
etching. 

No. P3 at 1500°F. trace of etching; at 1800°F. no 
visible etching but slight loss of brilliancy. 

No. P4 at 1500°F. slight loss of brilliancy; at 1800°F. 
no etching or loss of brilliancy. 


Thus with 0.15 of Al,O; and 1.75 of SiO, the attack is 
reduced to a marked degree, and with further increase of 
SiO, the attack is zero. 


A third glaze series was tested, using the following 
compositions: 


Glaze No. 
P6 PbO 0.10 AlL,O,; 2.00 SiO, 
P7 0.254 “ 
P8 0.30 1.91 
P9 0.35 1.91 


Glaze P7 was chosen because it was reported by Lu! 
as the PbO-Al,0;-SiO, eutectic, and the silica content of 
this member was continued in Nos. P8 and P9 to dis- 
close the effect of alumina on the chemical resistance of 
this type of glass. 

These glasses were applied and fired at 1700°F. in 
forty minutes and at 1900°F. in fifty minutes. The 
test results were as follows: 


No. P6 at 1700°F. no etching, but slight loss of bril- 
liancy; at 1900°F. no attack of any sort. 

No. P7 at 1700°F. no attack, but glass showed a 
slight lack of fluidity on the trials; at 1900°F. perfect 
maturity and no attack. 

No. P8 at 1700°F. no attack, but same lack of ma- 
turity as evidenced by No. P7; at 1900°F. no attack 
and perfect maturity. 

No. P9 at 1700°F. evidence of immaturity more pro- 
nounced, but no evidence of attack; at 1900°F., no 
attack but some evidence of immaturity. 

The increase in Al,O; apparently is limited by the 
increase in viscosity imparted to the glass. 


lil. Conclusions 

This study indicates the futility of employing lead 
borosilicates as fluxes for low-temperature colors and 
the definite promise for fluxes containing even a small 
amount of alumina. The benefits of an increased silica 
content are also definitely indicated. 

The next step is to determine the limits of sodium 
oxide and boron oxide, which may be introduced with- 
out the sacrifice of chemical resistance. 

The development of decalcomania colors which resist 
chemical attack undoubtedly will involve some increase 
in the firing temperature, but if this increase can be kept 
below 1600°F., there should be no serious loss of color; 
furthermore, with modern fritted glazes, no spit-out 
should be encountered. The only serious problem will 
be the adjustment of metailic gold and platinum dec- 
orations to the increased firing temperature. 
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Abrasives 


Cutting the cost of cutting tools. D.G. Barmp. Mill 
& Factory, 26 [2] 65-67, 178, 180, 182 (1940).—Having 
2400 standard cutting tools and 1100 special tools in use, 
the Plymouth Division of the Chrysler Corp. knows how 
many pieces per grind, total grindings of tool, number of 
pieces each tool is expected to produce before salvage, cost 
of tool per 1000 pieces produced, etc. This information is 
the result of making tests and keeping records. D.A.B. 

Drilling diamond dies. ANon. Phillips Tech. Rev., 5 
{1] 14 (1940).—In the Phillips factory for drilling dia- 
monds, considered one of the largest of its kind in the world, 
dies for drawing wire are made with diameters from 10 
microns up. Part of the production is destined for use in 
the other departments, viz., for drawing wire of tungsten, 
mo!lvtdenum, and other metals. The diamonds which are 
made into dies are first cut off flat on the two opposite sides 
of the future bore. Facets are then ground in two mu- 
tually perpendicular planes parallel to the direction of the 
bore, which makes it possible to follow the drilling process 
and to control it continually by means of a microscope. 
The diamond so prepared is fastened into a holder. The 
drilling is done with a needle of a special shape which is 
allowed to take up diamond dust mixed with oil in the 
pores of its surface. The bore must be given a very defi- 
nite shape and polish for each material to be drawn in order 
that the die may have a long life. On the side where the 
wire leaves the die, the drawing channel opens out into a 
wider depression (clearly shown in a photomicrograph 
magnified 120 times). Illustrated. H.K.R. 

Modernization to improve production. E. L. Capy. 
Mill & Factory, 26 [3] 51-60, 178 (1940).—C. discusses 
the effect of modernization in improving production at the 
Precision Grinding Wheel Co. Its policy of maintenance, 
clerical routine, industrial relations, control, abrasive 
processes, and the handfacing of large wheels are described. 
Illustrated. D.A.B. 

Modernization in a self-contained plant. E. L. Capy. 
Mill & Factory, 26 {1} 51-62 (1940).—C. describes the 
machinery and general operations of the Gillette Safety 
Razor Co.’s plant at Boston, Mass. Starting with the coil 


blanks, he describes the steps of perforating, degreasing, 
hardening, tempering, etching, lacquering, grinding, hon- 
ing, stropping, separating the blades from the coil strip, 
wrapping, and packing. Illustrated. D.A.B. 
Structure of ed metal surfaces. S. Dosrnskr. 
Physik. Z., 40 [7] 232-34 (1939).—D. discusses a paper by 
E. Plessing (ibid., 39, 618 (1938)) on the bending of elec- 
trons on polished metal surfaces. From the electron inter- 
ference pictures, it was concluded that these surfaces, 
either polished in the air or under benzol, were oxidized by 
chemical reaction. Plessing, in remarks adjoining this 
paper, states that if oxidation had taken place, crystalliza- 
tion should show on the surface layer upon heating these 
metal mirrors in vacuum at 10-* mm. Hg at 600°C. Iron 
must thereby be excluded. Interference pictures of heated 
copper and nickel surfaces, however, agree with those of the 
pure metals. No final conclusion regarding the difference 
in results found by these two investigators is eae KI 
.E.T. 
Testing and grading fine abrasives. E. L. Hemincway. 
S. A. E. Jour., 47, 332-41 (1940).—A new method was de- 
veloped because of the apparent inability of manufacturers 
to grade properly the hardness of the bond in bonded abra- 
sives to be used in Superfinishing machines. For this a 
porous, vitrified stone of about 320- to 600-grit size is used. 
When first applied, the grit is sharp; it cuts off the peaks 
of hills on the surface, and the lubricant washes off loose 
metal and grit. This varies continuously until the stone 
is glazed and riding on the film of lubricant. Too hard a 
bond stops the cutting action too early, while too soft a 
bond prolongs the cutting action. Preliminary tests were 
made with a Rockwell hardness tester, a diamond point, 
and 60 kgm. load, reading the B scale. About 1500 tests 
were made on 402 stones of 24 lots. Only 14 lots were uni- 
form and, of these, only four were correctly graded. Single 
stones were often not uniform. Results from this hard- 
ness tester agreed perfectly with those of stones in actual 
use. A */s-in. steel ball and a 60-kgm. load were the best 
combination for the tester. A graph was constructed of 
steel hardness vs. stone hardness for standard conditions of 
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finishing. This has been used satisfactorily for five 
months. Stones should be tested on both ends and in the 
center. For grits much coarser than 320, some tests sug- 
gest a '/,-in. ball and 150-kgm. load. A discussion is in- 
cluded. W.D.F. 


PATENTS 


Abrasive articles and method of manufacturing. A. L. 
Batt (Carborundum Co.). U.S. 2,213,332, Sept. 3, 1940 
(Nov. 29, 1935; renewed Nov. 2, 1938).—The steps in the 
method of making an abrasive article comprise wetting 
abrasive particles with an alkaline silicate solution, mixing 
the coated particles with a heat-hardenable resin in finely 
divided form, forming an article from the mixture, and 
heating the article to harden the resin. 

Abrasive belt. E. P. Danistrom (Carborundum Co.). 
U. S. 2,215,210, Sept. 17, 1940 (Dec. 9, 1938). 

Abrasive L. D. 


or impelling apparatus. 
(American Foundry Equipment Co.). U. S. 2,212,451, 
Aug. 20, 1940 (Aug. 14, 1933; March 27, 1940). 

Abrasive wheels for or surface, former, and other grinding. 
J. H. Frercuer, Emery Co., Lrp., 
D. M. ANDERSON, AND Gear GRINDING Co., Lrp. Brit. 
523,879, Aug. 8, 1940 (Feb. 13, 1939). 

Apparatus for metals. H. R. HERCHENRIDER 
(Minnesota Mining & Mfg. Co.). U. S. 2,214,373, Sept. 
10, 1940 (Oct. 30, 1937). 

Automatic machine for grin metal-strip material. 
Monp Nicxet Co., Lrp. Brit. 523,916, Aug. 8, 1940 
(Aug. 26, 1938). 

Automatic machine for grinding etc. SAcu- 
SISCHE ARMATUREN-Fas. W. MICHALK Sonn. Ger. 
684,274, Nov. 2, 1939 (Jan. 9, 1937); XII/67a. 1.—The 
grinding wheel moves freely into the notched spaces, and 
with a slight a of the workpiece around its 
axis it covers the outline. The workpiece carrier 
is pushed to and fro in the workpiece axial direction after 
each change; it has an arm stand under weight or spring 
tension which moves on a fixed guiding track regulable in 
two directions and controls the swinging motion of the 
workpiece. D.A.B. 

Bonded abrasive. R. C. anv D. W. Licur 
(American Cyanamid Co.). U. S. 2,215,380, Sept. 17, 
1940 (March 10, 1939).—An abrasive article comprises 
particles of abrasive and an aminotriazine-aldehyde resin 
cured in contact therewith. 

Combination tool head and grinding machine. W. N. 
CHITTENDEN (Cincinnati Milling Machine Co.). U. S. 
2,212,855, Aug. 27, 1940 (Oct. 6, 1937). 

Device for dressing screw-thread ding disks. Hans 
BRENDEL AND Erica (Bauer & Schaurte). 
U. S. 2,213,665, Sept. 3, 1940 (April 2, 1938). 

Device for honing cylindrical surfaces. H. S. INDGE 
— Co.). U.S. 2,213,027, Aug. 27, 1940 (Oct. 22, 


grinding mechanism. L. J. Fau_per. U.S. 
2,212,999, Aug. 27, 1940 (Oct. 14, 1937). 

Finished surfaces and method and apparatus for finish- 
ing surfaces. Curyster Corp. Brit. 524,519, Aug. 21, 
1940 (July 29, 1938). 

surfaces by abrading. CHRYSLER Corp. 

Brit. 524,518, Aug. 21, 1940 (July 16, 1938). Brit. 524,520, 
Aug. 21, 1940 (Sept. 23, 1938). 

Grinding ding gauge. Prentice Conrapson (Conrad M. 
Conradson). U.S. 2,212,511, Aug. 27, 1940 (Aug. 1, 1938). 

Grin machine. Kurt Zwick (Friedrich Deckel). 
U. S. 2,213,756, Sept. 3, 1940 (March 17, 1939). 

Grinding and polishing stone. Horsacn & Scumitz. 
Ger. 679,919, July 27, 1939 (July 5, 1938); VI/80b. 11.— 
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A grinding and polishing stone consists of a compact mix- 

ture of quartz, pumice or pumice powder, and binding 

agent. Magnesia cement is employed as the binding agent. 
D.A.B, 

Grindstone. W. E. Danpack (Cleveland Quarries Co.). 
U. S. 2,213,065, Aug. 27, 1940 (Jan. 24, 1939). 

Aug. 8, 1940 (Jan. 19, 1939). 

Lens grinder. J. H. Martin. U. S. 2,212,179, Aug. 20, 
1940 (Dec. 20, 1938). 

Locomotive and car wheel grinding machine. R. G. 
a U. S. 2,215,403, Sept. 17, 1940 (Oct. 19, 

Machine for grinding or sharpe knife blades, etc. 
British Emutsiriers, Ltp., anp T. Curzon. Brit. 523,- 
868, Aug. 8, 1940 (Jan. 17, 1939). Brit. 524,832, Aug. 28, 
1940 (Feb. 8, 1939). 

M red surfaces. Micromatic Hone Corp. 
Brit. 524,369, Aug. 14, 1940 (Feb. 3, 1938). 

Means for ding wheels. E. L. Merson. 
Brit. 523,963, Aug. 8, 1940 (Jan. 18, 1939). 

Method for fine and precise grinding, lapping, etc., of 
level surfaces. HeINRICH ROSSBACHER (Julius Pintsch 
Kom.-Ges.). Ger. 686,568, Dec. 14, 1939 (March 28, 
1939); XII/67a. 13.—Fine, precise woik is done with a 
machine provided with a revolving workpiece holder and a 
rotating tool (grinding wheel) which move in counter di- 
rections. The grinding wheel (lapping wheel, etc.) and the 
workpiece holder are put into uniform, synchronous rota- 
tion, and the grinding, etc., process is started and per- 
formed by reducing the number of revolutions of one of 
the two revolving units. The process is terminated by 
increasing the number of revolutions of the unit whose 
speed was decreased to correspond with the number of 
revolutions of the other part. D.A.B. 

Piston grinding machine. H. A. St-ven (Norton Co.). 
U. S. 2,213,030, Aug. 27, 1940 (May 3, 1939). 

Pneumatic polishing and abrading machine. ERNstr 
Aun.skoc. U. S. 2,214,189, Sept. 10, 1940 (Dec. 3, 1938). 

Polishing disk. C. F. Scniecet (Schlegel Mfg. Co.). 
U. S. 2,214,351, Sept. 10, 1940 (June 5, 1937). 

Producing a grinding wheel. L.H. MILLIGAN AND R. H. 
LoMBARD ( Deutsche Norton-Ges. m. b. H.). Ger. 679,918, 
July 27, 1939 (Oct. 15, 1937); VI/80b. 11.—An abrasive 
ring of high-grade grain, such as diamond grain, is joined 
with a ring of low-value grains to form a unit by pressing 
and binding. A mixture of high-grade abrasive particles 
and the binding agent is filled in around a prepressed nu- 
clear disk of a mixture of low-value grains and binding 
agent in the pressing form and pressed together on the 
circumference of the nuclear disk by a radially acting 
pressure. D.A.B. 

Production of abrasive material. R. C. BENNER AND 
R. L. Merton (Carborundum Co.). U. S. 21,552, Sept. 
10, 1940 (May 9, 1940): reissue of original 2,078,831 
(Ceram. Abs., 16 [7] 195 (1937)).—The method of making 
abrasive-coated products comprises coating a backing 
material with a liquid resin and applying abrasive grains 
and a catalyst for curing the resin to the resin-coated side 
of the backing to cause the resin to solidify and attach the 
abrasive grains firmly to the backing. 

Production of metal components by grinding. BrisToL 
AEROPLANE Co., Lrp., F. W. WHITEHEAD, COVENTRY 
Gauce & Too. Co., Lrp., AND S. J. Hariey. Brit. 524,- 
567, Aug. 21, 1940 (Feb. 1, 1939). 

Saw grinder. A. W. SHaw. U. S. 2,213,413, Sept. 3, 
1940 (June 6, 1938). 

Screw ding processes. H. Linpner. Brit. 524,305, 
Aug. 14, 1940 (Nov. 29, 1938). 


Art and Archeology 


Ancient Chinese kiln site. F. Fartey. Asia, 
40, 496-501 (1940).—The kiln dump covers an area up toa 
mile long and a quarter of a mile wide. An excellent white 
clay is still obtainable there. Celadon ware was found 
‘with both light-green and olive-green glazes. A Ying 


Ch’ing variety closely resembles this type except that it 
lacks a slight reddening on the base. A Ting type is the 
finest early porcelain made. The Earth Ting is buff or 
straw colored with a colorless glaze. The temmoku type 
has a buff-gray body with a brownish glaze that does not 
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cover the base. Tall, narrow, heavy stoneware jars 8 to 
12 in. high were also found. The ri-us of the bowls are 
often of double thickness to protect them from breakage. 
Frequently, there are no decorations; those found are 
y hastily executed and crude but vigorous. wr 
pena. have ware from this site. See “Fukien . 
Ceram. Abs., 19 [8] 181 (1940). W.DF.” 

Athenian toilet box. G. M.A. Ricurer. Bull. Metro- 
politan Mus. Art, 35 [8] 157-59 (1940).—The Museum has 
just acquired an Athenian terra-cotta toilet box (pyxis or 
kylichnis) painted in polychrome (black and diluted glaze, 
purplish red, drab, and yellow ocher) on a white ground. 
The painting on the box is remarkable for its delicacy of 
drawing and harmonious composition. Six women, having 
Nereids’ names, are represented in everyday scenes in the 
home, such as putting away clothes, dressing, and playing 
with pet birds. Women in their homes was a favorite 
subject with Athenian vase painters, but the grace and 
delicacy of both color and composition make this painting 
especially fine. The painting on the lid of the box has al- 
most entirely disappeared but suggests an outdoor scene 
and figures that probably represent Muses. The paintings 
may be dated about the time of the famous Eretrian 
painter (430-425 s.c.), but the style resembles the work of 
the painter of a white-ground jug with Athena and Hercu- 
les in the British Museum. These two works are the only 
known examples of this painter of about the time of the 
Parthenon pediments. Illustrated. A.A.A. 

Ceramic treasures of the Civic Hospitals of Genoa. 
G. Morazzoni. Ceramica, 2 [4] 133-48 (1940).—The 
rare collection of antique Italian vases and pitchers ac- 
quired by the two hospitals of Genoa during the past cen- 
turies is illustrated and described. The pieces are lavishly 
decorated and many picture historical, mythical, and bibli- 
cal scenes. The techniques of decoration employed by 
the most renowned of the artists are discussed. M.V.C. 

Cincinnati Pottery Club. Ciara CurpMAN NEWTON. 
Bull. Amer. Ceram. Soc., 19 [9] 345-53 (1940); see ibid., 
18 [11] 443-46 (1939). 

Contemporary Swedish and Danish decorative arts. 
PRESTON REMINGTON. Bull. Metropolitan Mus. Art, 35 
[5] 103-106 (1940).—Seven examples of modern Swedish 
decorative art and three of modern Danish art have been 

acquired by the Museum from Swedish and Danish ex- 
hibets at the New York World’s Fair. Two distinguished 
vases of Ariel glass from the Orrefors glassworks, one de- 
signed by Viktor Lindstrand, are illustrated. A tall 
crystal vase from the Kosta glassworks, designed by Elis 
Bergh; a handsome high-sided crystal bowl designed by 
Edvin Ollers and executed at the Afors glassworks; and a 
beautiful smoky crystal vase from the Strémberg glass- 
works, designed by Gerda Strémberg, are included. A 
large earthenware bow! from the Gavle Porcelain Manu- 
factory was designed by Arthur Carlson Percy, an out- 
standing Swedish designer. An unusual earthenware 
bowl from the Royal Copenhagen Porcelain Manufactoiy 
was designed by A. Malinowski and glazed by H. Mads- 
lund. This bowl has the solfatara glaze, a recent invention 
of the manufacturer, produced by the accidental effects 
obtained when reddish brown and greenish yellow glazes 
are superimposed over a warm translucent white basic 
glaze. See Ceram. Abs., 19 [10] 228-29 (1940). rr 


Faience broad collar of the 18th dynasty. AmsBrosEe 
LansinGc. Bull. Metropolitan Mus. Art, 35 [3] 65-68 
(1940).—Faience made by glazing a paste of ground quartz 
to simulate the colors of semiprecious stones was known 
throughout Egyptian history. Beads of the glazed faience 
have been found in graves of the Badarian period and date 
at least from the beginning of the 4th millenium s.c. This 
faience was also fashioned into vessels, tile, and figures 
of animals and human beings. The most elaborate pieces 
of jewelry worn by both men and women were broad col- 
lars. When not in fashion for ordinary wear, they con- 
tinued to be an essential part of the burial costume. The 
custom of wearing several strings of beads around the neck 
Probably developed the idea of stringing beads crosswise 
to keep the single strands in place. Faience collars were 


not in fashion for a time, but they were revived following 
the vogue for wearing collars made up of real flowers and 
leaves. The Museum possesses three of these fragile 
flower collars made up of concentric rows of leaves, flowers, 
and berries, the berries being alternated with groups of 
blue beads. The first floral faience collar sufficiently well 
preserved to leave no doubt as to the original arrangement 
of the beads and pendants was found in the tomb of Tut- 
ankhamen, although excavations have brought to light 
many other fragments as well as the pottery molds in which 
they were cast. Illustrated. A.A.A, 
for the American Joseru Downs. Bull. 
Metropolitan Mus. Art, 35 [4] 90-92 (1940).—A cream- 
colored earthenware punch bowl decorated with American 
subjects has been given to the Museum by Mrs. J. Insley 
Blair. It was made and decorated with engravings at 
Liverpool about 1800, probably at Herculaneum, one of the 
local factories specializing im black-printed ware. The 
bowl is unusually large (14 in. in diameter and 6'/, in. 
high), and there are a number of transfer prints both inside 
and outside. The subjects commemorate the death of 
Washington and extol American freedom and prosperity. 
A ship under full sail carrying an American flag with six- 
teen stars helps to date the bowl prior to 1803. A.A.A. 

Gift of European C.L. A. Bull. Metropolitan 
Mus. Art, 35 [8] 166 (1940). —Mrs. J. Insley Blair has 
given to the Museum a Delft pottery plate and three ex- 
amples of English delftware of the 18th century. The 
Dutch plate, decorated with a dragon in blue, is a direct 
rendering of a simple Chinese theme, while the English 
pieces show differing expressions of the pseudo-Oriental 
designs then so . An English delftware plate 
(Bristol, about 1750) is illustrated. AAA, 

Glass in Italian schools of art. ANON. Vetro, 2 [12] 
454 (1939); Jour. Soc. Glass Tech., 24 [102] 107A (1940).— 
Work in glass produced in Italian schools of art and dis- 
played at an exhibition in Rome is described. The pieces 
shown included examples of surface decoration by wheel 
cutting, enameling, and diamond point; stained-glass 
windows from Venice and Florence; and revivals of the 
18th-century style of cut mirrors and the still older Sondi 
d’oro technique at Lecce and Faenza. Mosaic was well 
represented; the principal teaching centers are Venice and 
Ravenna, with other centers at Tunis, Parma, and Mod- 
ena. It is recommended that more attention be paid to 
the subject of glass decoration in art schools. Mosaics 
from Venice, Ravenna, and Tunis and cut glass from 
Venice are illustrated. 

Iranian art in the Metropolitan Museum. M. S. 
Dmanp. Bull. Metropolitan Mus. Art, 35 5) 110-16 
(1940).—The collection of prehistoric Iranian (Persian) 
pottery dating back to 3000 s.c. and even earlier is from 
Nihavand, Teppeh Hissar, near Damghan, and Teppeh 
Siyalk, near Kashan, and was presented by the Teheran 
Museum. In Susa, sculpture was often combined with 
reliefs made of brick enameled in various colors, an art 
borrowed from Babylon and developed by Iranian artists 
in their own way. Under the Seljuks the ceramic art of 
Iran reached unparalleled heights. Many older techniques 
were perfected in the 12th and 13th centuries. Luster- 
ware was centered in two cities, Rayy and Kashan, where 
elaborate ornament used for the decoration of walls and 
prayer niches and also of vessels was developed. One 
masterpiece of the Iranian potter’s art is a glazed jug with 
openwork decoration, a techni iar to Iran. Some 
of the ornament and details are painted black and cobalt 
blue, the whole being covered with a turquoise blue glaze. 
The date of the jug is a.p. 1215-16. A.A.A, 

Pottery-making course at Blue Ridge. Anon. Bull. 
Amer. Ceram. Soc., 19 [9] 354-55 (1940). 

Sudeten art and service ll A. Dorn. Glashiitie, 70 
[20] 253-54 (1940); see “State . ’ Ceram. Abs., 19 40) 
234 (1940). M.V.C 

Sung vase. ALAN Priest. Bull. Metropolitan Mus. Art, 
35 [4] 82-84 (1940).—The museum has recently acquired a 
rare vase of Chien ware, from the Sung dynasty. Chien 
ware takes its name from the province of Fukien (Fu-chien) 
and the cities Chien-an and Chien-yang where it was first 
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made. The best known examples of the Chien ware are 
the beautiful tea-tasting bowls, called temmoku ware by 
the Japanese and widely copied by them. The glazes are 
thick and come in a variety of silvery blacks and browns, 
some of which are known as “‘hare’s fur,” ‘“‘oil spots,”’ and 
“partridge patterns.”” The Chinese believed that tea 
looked better when served in black cups and that thick 
glazes helped to retain the heat. Chien-an was a famous 
tea-growing center during the Sung dynasty, and these 
bowls were in great demand for tea-tasting parties. Most 
of the early black and tan glazes are designated as Chien 
ware. The newly acquired piece belongs to a group of 
Chien ware called by the British, “Honan Temmoku.” 
It is made oe buff stoneware and has a brownish copper 
glaze mixed with black on the neck and shoulder; a great 
heart-shaped blob of lustrous black runs from the shoulder 
to the foot on one side. The shape is very handsome; 
one similar to it in the Eumorfopolous collection is de- 
scribed as having a wide ovoid body flattened at the shoul- 
der, a tall slender neck, a flaring mouth, and a bell-shaped 
foot. Besides these two pieces only one other is known 
(in the H. J. Oppenheim collection in samcereee Illus- 
trated. A.A.A. 
Two Greek terra cottas. CHRISTINE ALEXANDER. Bull. 
Metropolitan Mus. Art, 3S [5] 107-108 (1940).—Two 
Greek terra cottas are shown in the Room of Recent Ac- 
cessions. One is an archaic Greek terra-cotta antefix, one 
of the finest examples of its kind from the temples of 
Magna Graecia. Although painted in tempera and long 
exposed to the weather, it has kept much of its color and is 
relatively well preserved. On the front panel is a mask of 
the Gorgon Medusa in relief, with colors applied over a 
white engobe. The type belongs to the late archaic pe- 
riod (the end of the 6th or the early 5th century B.c.). 
The other example is a terra-cotta goddess of the Boeotian 


type. Both pieces are of exceptional quality. TIllus- 
trated. A.A.A 
Vienna porcelain. C. Louise Avery. Bull. Metropoli- 


tan Mus. Art, 35 [8] 161-63 (1940).—Although much care 
was taken to protect the secrets of the Meissen porcelain 
factory, Christoph Conrad Hunger, who had been em- 
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ployed there, took his knowledge and skill to a factory 
established in Vienna in 1718 by a Dutchman, Claude du 
Paquier. In 1744 the factory was bought by the Empress 
Maria Theresa and became a serious competitor of Meissen. 
Nine pieces of this 18th-century Vienna porcelain have re- 
cently been purchased for the Museum’s collection. Six 
of them date from about 1725-1740 and illustrate some of 
the styles for which the factory is renowned, when it was 
privately owned and in its experimental period. A covered 
cup and stand dated about 1725-1730 are illustrated. 


A.A.A., 
West Virginia University extension. ANon. Bull. 
Amer. Ceram. Soc., 19 [9] 358-59 (1940). 


PATENTS 
Designs for: 
Bowl. Caries Sawyer (Libbey Glass Co.). 
122,173, Aug. 27, 1940 (Jan. 26, 1940). 
Glass tumbler. A. J. Drerrzer (Pitman-Dreitzer & 
Co., Inc.). U.S. 122,393, Sept. 10, 1940 (June 6, 1940). 
Goblet. A. J. CunnincHam. U. S. 122,389, Sept. 10, 
1940 (May 15, 1940). 
Hollow building block. R. C. Kenpai (Owens- 
oo lass Co.), U.S. 122,269, Sept. 3, 1940 (July 18, 
Jar. fRasrer SmitH (Hazel-Atlas Glass Co.). U. S. 
122,472, Sept. 10, 1940 (June 8, 1940). 
Milk bottle. R. W. Nrver (Thatcher Mfg. Co.). U.S. 
122,058, Aug. 20, 1940 (Jan. 5, 1940). 
Stove. J. C. Rocers (Crown Stove Works). U. S. 
122,002 and 122,003, Aug. 20, 1940 (June 17, 1940). 
U. S. 122,032, Aug. 20, 1940 (Jan. 11, 1940). 


Toy clay modeler. M.S. Lanpow (Pfaltzgraff Pottery 
Co.). U.S. 2,213,784, Sept. 3, 1940 (Feb. 24, 1939).—A 
portable toy modeling apparatus comprises a base, a post 
mounted on the base having a vertically extending socket 
the opening of which faces upwardly, and a rotatable 
chuck for receiving removably the molds for holding the 
clay to be modeled, the chuck having a depending shaft 
removably seated in the socket. 


U. S. 


Cements 


Factors affecting plaster mold life. M.C. Damrey Anp 
B. Nres. Bull. Amer. Ceram. Soc., 19 [9] 323-29 (1940). 

More efficient kiln firing. Anon. Rock Products, 43 [8] 
43-45 (1940).—Direct-firing coal mills installed on the 
cement kilns of the Nazareth Cement Co., Nazareth, Pa., 
are described. Greater combustion economy, higher kiln 
capacity, and a much more desirable and uniform clinker 
are obtained. Illustrated. J.J.H. 

Solubilization of alkali in natural aluminosilicates. G. 
A. BLANC AND F. Jourpan. Aflti X° congr. intern. chim., 
1938, 4,7; Brit. Chem. & Phys. Abs.—B, 59 [7] 524 (1940). 
—Aliali metal, especially K, is liberated under definite 
pressure and temperature conditions by dissociation of the 
silicate in the presence of CaO and the absence of H,O in 
liquid phase, i.e., the reaction occurs in solid phase and in 
the presence of a gaseous phase 

System calcium oxide-silica—water at 30°C. Associa- 
tion of silicate ion in dilute alkaline solution. Pavut S. 
RoLutER AND Guy Ervin, Jr. Jour. Amer. Chem. Soc., 
62 [3] 461-71 (1940).—Knowledge of the compounds of 
hydrated calcium silicate and their equilibria is important 
in cement technology and in the use of siliceous minerals in 
cement. Hydrated calcium silicates are gelatinous. The 
effects to be expected from this in a phase-rule study are 

briefly. Measurements were made of the ratio 

of CaO to SiO, in the solid phase and of the concentrations 
of CaO and SiO, in solution at 30.2°C. Equilibrium and re- 
versibility were tested for. Four phase ranges were distin- 
guished; in two of these the concentrations were invariant. 
Adsorption of CaO by the solid phases occurred through- 
out. The compositions of the hydrated compounds, de- 


duced from considerations of adsorption isotherm and solu- 
bility product constant, were (a) CaO-SiO, (CaH,Si0O,), 
(b) 3CaO-4Si0, (Cas(HSi,O,)2), and (c) CaO-2Si0, (indif- 
ferently either CaH,Si,O, or Ca(HSiO;),). The invariant 
concentrations were, for the mixture of a and b, 3.09 milli- 
moles CaO per liter and 0.090 millimole SiO, per liter and, 
for the mixture of b and c, 0.900 millimole CaO per liter 
and 0.931 millimole SiO, per liter. The assumed exclusive 
presence of the simple ions SiO;~~ and HSiO;~ (in the more 
rational and preferred orthosilicate terminology, H:SiOQ.~ 
and H;SiO,—~) was inconsistent with the existence of the 
only alternatives of Ca(H;SiO,), or any reasonable double 
compounds of the latter with CaH,SiO,. It was neces- 
sary to assume, therefore, that association took place in the 
dilute alkaline solutions. The postulate of two sets of 
silicate ions, based on an association equilibrium between 
H;SiO,- and H,Si,Os-~, led to reasonable and concordant 
results. The association constant, solubility product con- 
stants, and one of the ionization constants were calculated 
to a known precision. A high tendency toward association 
is evidenced. F.G.H. 


PATENTS 


Cement manufacture. C. H. BREERWoop (Separation 
Process Co.). U. S. 2,214,715, Sept. 10, 1940 (June 2, 
1939). U.S. 2,214,716 and U. S. 2,214,717, Sept. 10, 1940 
(June 28, 1939). 

Producing cement from barium charge. WALDEMAR 
JENSEN AND Fritz ENssitin (Unterharzer Berg- und 
Hiittenwerke). Ger. 671,037, Jan. 12, 1939 (Feb. 2, 
1937); VI/80b. 3.01.—In the formation of cement from 
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a barium charge, the CaO content is replaced, up to 75%, 
by BaO. The finished product has a BaO content of 35 to 
60%. D.A:B. 
ucing cement from barium sulfate charge. Berc- 
INSPEKTION RUDERSDORF, ZWEIGNIEDERLASSUNG DER 


Preuss. BERGWERKS- UND Hitrren-A.-G. Ger. 689,269, 
Feb. 29, 1940 (May 25, 1937); VI/80b. 3.01. Addition 
to Ger. 671,037 (see preceding patent).—Iron compounds, 
such as Fe,O;, are employed for the treatment of charges 
containing barium sulfate in place of alumina. D.A.B. 


Enamel 


Cupola control. H. P. Hucues. Enamelist, 17 [11] 
9-11, 42-60 (1%40)—The cupola is still the most widely 
used, the most economical, and the speediest unit for the 
production of cast iron. Ideas and experiences in cupola 
practice are discussed under the following headings: pre- 
paring the cupola, charging, air supply, blast pressure, 
tuyére ratio, air volume, combustion, fuel consumption, 
control of pig iron and scrap, limestone, sulfur, silicon, and 
phosphorus. Illustrated. L.E.T. 

De-enameling of vitreous enamel steel and sheet iron. 
N. L. Evans. Enamelist, 17 [10] 18-29 (1940).—Meth- 
ods of de-enameling steel and sheet iron and the problems 
encountered are di Factors influencing the choice 
of a de-enameling process are summarized. Where speed 
is not important and there is a steady flow of flat or nearly 
flat parts, the caustic solution method with its compara- 
tively low capital cost has proved satisfactory. The con- 
sumption of caustic soda is said to be about '/; lb. per sq. 
ft. of porcelain enamel treated. For speedy operation and 
parts of a bulky nature, the molten caustic method has an 
obvious advantage. The consumption of caustic soda by 
this method is two or three times as great as by the solu- 
tion method. Molten caustic is also desirable when acid- 
resistant enamel is to be removed. L.E.T. 

Determination of thickness of acid-resistance portion of 
vitreous enamel coati Writi1am N. HARRISON AND 
Leo Suartsis. Jour. Research Nat. Bur. Standards, 25 
{1] 71-75 (1940); RP 1315. Price 5¢.—An oblique sec- 
tion of the enamel approximately 1 cm. wide is exposed by 
grinding. The boundaries of this section are perma- 
nently marked, and the oblique section is given a fire 
polish by refiring. The surface is then exposed to acid, 
after which-it is coated with colored wax. When the sur- 
face is rubbed, this wax is removed from the acid-resisting 
enamel, which retains its gloss in the acid, but is retained 
by the etched portion of the oblique section. The fraction 
of the oblique section which is occupied by the acid-resist- 
ing enamel is then determined, and this fraction is multi- 
plied by the total thickness of enamel as measured by a 
magnetic gauge. The product gives the thickness of the 
layer of acid-resisting enamel. R.A.H. 

Discussion of ‘Relation of defects in enamel coatings to 
hydrogen in steel.” W. A. Weyt ET AL. Jour. Amer. 
Ceram. Soc., 23 [10] 291-96 (1940); see ibid., [7] 187-221. 
Reply. C. E.Smas C. A. Zaprre. IJbid., ‘110 296-300. 

eling furnace equipped with refractory radiant 
tubes. W. F. Ross. Ind. Heating, 7 [9] 825-29, 837 
(1940).—Major factors which must be considered in the 
successful application of vitreous enamel to steel are (1) 
frit or enamel, (2) kind and surface condition of the steel, 
and (3) the means by which the radiant heat is applied for 
fusion. The first two factors are controlled by the quality 
of the material, but the third depends entirely on the fur- 
nace equipment for vitreous enameling. R. gives the re- 
quirements for the equipment and describes recent de- 
velopments in which a muffle effect within the fusion 
chamber is provided by firing beneath the flat tongue-and- 
groove type silicon carbide working hearth and exhausting 
the combustion products through vertical silicon carbide 
radiant tubes spaced along each side of the chamber. 
The firing chamber is arranged under the working hearth 
and contains the gas burners. Temperature control is ar- 
ranged for two zones, controlling the gas and air supply to 
each zone according to their thermal requirements. Re- 
fractory radiant-heating tubes provide full utilization of the 
bottom and side-wall areas as sources of radiant heat; 
in some cases the radiating area is more than twice that of 
a conventional arch muffie-type enameling furnace. Re- 
cuperators for air preheating can be arranged for such a 


furnace. Details of the construction and operation of a 
furnace are given. M.H. 
Glass-lined equipment. P. S. Barnes. Ind. Eng. 
Chem., 32 [9] 1158-59 (1940).—The development of glass- 
lined steel chemical process equipment is briefly described. 
Illustrated. F.G.H. 
Luminous porcelain enamel for signs and other uses. 
G. D. Skinner. Enamelist, 17 [11] 6-8 (1940).—A suc- 
cessful method of applying certain types of fluorescent 
materials to vitreous in enamel has been developed. 
Several methods of applying fluorescent powders and glazes 
and firing them to approximately 840° to 860°C. are de- 
scribed. Luminous enamels are attractive for advertising 
signs and store fronts and have recently found special ap- 
plication in Europe as street signs, obstruction signs, etc., 
os nightly black-outs. L.E.T. 
Masterpieces of enameling. Amsrose LANsinc. Bull. 
Metropolitan Mus. Art, 35 |5] 99-103 (1940).—Enamels 
from the Museum’s collections have been shown together 
for the first time. Enamels and glass are significant items 
in our heritage from the Middle Ages. Their colors have 
retained their original freshness and give a vivid glimpse 
of the splendor of that period. This exhibition of master- 
pieces shows the many kinds of enamels and the special 
techniques used. There are examples of cloisonné, cham- 
plevé, and painted enamels, and that called basse-taille 
which was done with transparent glaze on designs cut in 
low relief on silver, the varying thicknesses of the enamel 
resulting in lighter and deeper shades of color, thus en- 
hancing the modeling. Illustrated. A.A.A. 
Molybdenum in enamels: I, Adherence produced with 
molybdenum compounds. Kari Kautz. Jour. Amer. 
Ceram. Soc., 23 [10] 283-87 (1940). 
Solubility of zirconium oxide opacifier in enamel glasses. 
A. I. ANDREWS AND R. W. Gates. Jour. Amer. Ceram. 
Soc., 23 [10] 288-90 (1940). 


SEPARATE PUBLICATION 


Ball Mill Wet Grinding of Porcelain Enamels. Tecu- 
NICAL RESEARCH SECTION, PORCELAIN ENAMEL INSTITUTE. 
Porcelain Enamel Institute, Inc., Chicago, 1939. 13 pp., 
1 table, 4 figs. Price 25¢.—A survey of thirty enamel 
plants provides data on the size of production mills, kind 
of lining, size of ball charges, types of pebbles, water con- 
tent used, r.p.m. of mills, milling time, etc. The booklet 
is divided into three parts: (a) recommended practice for 
ball-mill grinding, (6) practical relations in ball-mill opera- 
tion, and (c) mechanics of mill and ball action. F.J.Z. 


PATENTS 


Enamel protective coa on metallic and ceramic 
articles. Max PASCHKE. r. 686,557, Dec. 14, 1939 
(April 19, 1938); VI/48c. 2.01.—Refining slag, especially 
so-called desulfurized slag, containing alkalis and silicic 
acid obtained by the oxidation of silicon is employed either 
alone or with the addition of suitable enamel formers as 
the enamel. D.A.B. 

Enameled wire. N. V. Popre’s METAALDRAADLAMPEN- 
FABRIEK. Brit. 524,166, Aug. 14, 1940 (Jan. 25, 1938). 

Enameling articles of different dimensions. Cari 
Ture.. Ger. 684,197, Nov. 2, 1939 (Feb. 25, 1937); 
VI/48c. 7. Addition to Ger. 663,940 (Ceram. Abs., 18 
[2] 44 (1939)).—In enameling articles of different dimen- 
sions the working process is carried cut in several horizon- 
tal rows running parallel to each other. The workpieces 
pass at intervals through one or more vertically arranged 
driers with special moving conveyers. While passing 
through the driers, the workpieces are gradually heated up 


i 
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by the same air current, if desired, are dried, and then 
cooled off again, until they pass in a horizontal direction 
over the firing grates which are oblique to the conveyer 
paths. The workpieces corresponding to each other are 
loaded on the conveyers and pass through the drying and 
preheating chambers of the enamel firing furnace where 
those of different style and wall strength are gradually 
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that the thick pieces, as far as possible, are preheated to 

approximately the sintering temperature in the hottest 

section of the furnace, are then brought to the firing 

chamber in which they are finally fired, and are removed. 
D.A.B. 

Indirect lighting fitting. G. D. Skinner (Benjamin 

Electric Mfg. Co.). U.S. 2,215,234, Sept. 17, 1940 (Nov. 


heated with special heaters using city gas, steam, etc.,so 21, 1939). 
Glass 
Atomic consideration of immiscibility in glass systems. Glass in Australian architecture. ANon. Decoration 
B. E. WARREN AND A. G. Pincus. Jour. Amer. Ceram. & Glass, 5 [6] 10, 18, 28; [7] 10, 30 (1939); Jour. Soc. 


Soc., 23 [10] 301-304 (1940). 
Ben of glass under stress. Ray- 
ature, 145 [3662] 29 (1940).—R. supported a 
piece of optically flat crown glass (3.5 cm. long, 1.5 cm. 
oman and 0.3 cm. thick) on wood at the extreme ends and 
loaded the middle with 6 kgm. applied by means of a 
wooden chisel edge which carried a weight moving in 
guides above. After 1 year and 8 months under this load 
the glass was taken out and tested on an optical flat by 
means of interference fringes. It was bent, the sagitta of 
to 2.5 bands or 1.25 waves, i.e., 

xX 10- 

Care in unloa onding bores or frames for holding p pest 
on auto Anon. Sprechsaal, 73 {(21] 1 
3940).—Several cases of breakage of sheet glass ~ he 

were attributed to the supports and chains used 
on the auto trucks. The trucks were not of the type 
specially constructed for transporting sheet 


Combination furnace for glass mani/acture. M. G. 
STEPANENKO, L. K. KovaLev, AND B. M. Keram. 
& Steklo, 14 [3] 31-39 (1938). —A detailed description of 
an experimental glass furnace is given. Basically, it is a 
combination of a shaft and a tank furnace; the begin- 
ning of melting, i.e., the melting and formation of glass, 
takes place in the shaft furnace, while the degasification 
and homogenization of the glass occur in the — — -. 

Conductivity of thin films of thallium on a Pyrex brand 
glass surface. J.R. Bristow. Prac. Phys. Soc. [London], 
51 [2] 349-54 (1939).—Thin films of thallium were pre- 
pared by condensation of the metal on a cooled Pyrex 
brand glass surface at a pressure of 10~-’ mm. of mercury 
orless. Ata thickness of more than 40 a.u. the films show 
a resistivity only about three times greater than that of the 
bulk metal. The results tend to substantiate the views of 
Appleyard and Lovell (‘Electrical . . .,”” Ceram. Abs., 17 [11] 
350 (1938)) that evaporated films do not differ radically in 
structure from the bulk metal, at least after the first atomic 
layers. The thallium films differ in an important respect 
from both the alkali films and from mercury. Unlike the 
alkali-metal films, they show no conductivity until the film 
is about five atomic layers in thickness, and, unlike mer- 
cury films which show a similar delayed conductivity, 
they have a finite range of thickness in which resistivity is 
very high. It seems possible that the material is only semi- 
conducting in this range, possibly owing to distortion of 
the normal! metallic lattice by the atoms of the substrate. 
Deposition of filras in a poor vacuum, between 10-7 an? 
10-* mm. of mercury, has demonstrated the far-reachi.; 
effects of occluded gas in the films. This may raise the re- 
sistivity at 2 given thickness by a factor of 10‘ or more and 
also alter the temperature coefficient from the consistent 
positive values obtained in a good vacuum to large and 
variable negative values. 3 diagrams, 1 table. L.E.T. 

Glass in architecture. ANon. Vetro, 2 [12] 450 (1939); 
Jour. Soc. Glass Tech., 24 [102] 106A (1940).—The facade 
of an establishment at Vigevano shows a harmonious al- 
ternation of courses of glass blocks with continuous win- 
dows, while the interior shows the spacious effect of the re- 
sultant light diffusion. Continuous desk tops of glass add 
to the effect of clarity and order. Globular prismatic 
lighting fixtures are hung from the ceiling. Illustrated. 


LEIGH. 


Glass Tech., 24 [102] 107A (1940). —The buildings described 
are Wireless House, Sidney; Hotel Mosman, N.S.W.; 
Qantas Empire Airways, Mascot; Nesca House, Newcastle, 
N.S.W., and Metro Theatre, ‘Adelaide. Insulux glass 
brick are used to give light in the tower at Wireless House, 
on the staircase at Hotel Mosman, and in the vestibule at 
Qantas Empire Airways. Plate glass is used in single 
sheets and panels, sometimes treated with gravé, for doors, 
fanlights, and partitions. Fluted and reeded glass is also 
used in panels and partitions. Bent glass is used on corner 
sites, with particular effect in the sunroom of the Hotel 
Mosman. Black structural glass is decoratively employed 
for fireplace surrounds, a clock, and table tops. Mirror 
glass is extensively used as wall decoration at the Metro 
Theatre, and crystal chandeliers light the foyer. Of 
special interest are glass mosaics at Wireless House, on the 
floor of the vestibule and on the street facade. Light 
fittings used are in the appropriate form of wireless valves. 
A feature at Nesca House is a screen wall between the 
theater and the display hall consisting of a large single 
panel of plate glass treated with gravé. 
Glass for engin and industry. Lron QUIGLEY. 
Ind. Eng. Chem., 32 [9] 1176-78 (1940).—The ability of 
the glass industry to meet the requirements of the rearma- 
ment program is briefly discussed. 


Illumination for the home. Anon. Sprechsaal, 73 [8] 
64 (1940). M.V.C 

Industrial uses for glass. ANon. Mill & Factory, 25 15) 
114 (1939).—Invisible glass, sealed-beam auto lights, 
special auto glass that breaks with rounded edges, heat- 
resistant skillets, and fiber glass are cited as industrial uses 
of glass. D.A.B. 

Methods used to reduce surface lines on glass. R. L. 
Saute. Bull. Amer. Ceram. Soc., 19 [9] 329-30 (1940). 

New development in pot ann ovens. OrrTo EHIN- 
GER. Sprechsaal, 73 [9] 72-73 (1940).—Obsolete coal- 
fired annealing ovens were converted to gas-fired ovens, 
the muffle form being abandoned in order to increase pro- 
duction. Gas-fired ovens cost less to build than other 
types, and their thinner walls and good insulation reduce 
fuel consumption. Unpurified generator gas made from 
lignite briquette and under regulated pressure (registered 
onah pressure recorder) was used as fuel. The 
flame is easily controlled, and the gas pipes are so arranged 
that impurities such as tar water settle in ‘“‘stand’’ pipes and 
can be cleaned out, while the gas pipesremain clean. The 
pots are placed in the oven when the temperature is be- 
tween 50° and 90°, and the annealing time need not be 
over 60 hr. to raise the temperature of the pots to 900°. 
The life of the pots is 20 to 35 melts. It is also possible 
to anneal pots with a capacity of 1100 liters in 60 hr., and 
a curve showing a temperature increase to 850° in 42 hr. 
is given. Gas-fired ovens of this type can be installed in 
any glass plant at low cost, and they are as satisfactory as 
ovens fired with the newest heating methods. See “‘An- 
nealing . . .,"” Ceram. Abs., 19 [5] 109 (1940). M.V.C. 

Optical jass. Grorce W. Morey. Ind. Eng. Chem., 
32 [9] 1178 ( 1940).—Optical-glass manufacture for war 
requirements is briefly discussed. F.G.H. 

Powder method for measurement of chemical dura- 
bility of glass. F. V. Too_ey anp C. W. PARMELEE. 
Jour. Amer. Ceram. Soc., 23 [10] 304—14 (1940). 
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Safety Anon. Verre & Silicates Ind., 11 [4] 
51-52 (1940).—The advantages and disadvantages of (1) 
sandwich glass, (2) organic glass, and (3) hardened glass are 
given to enable manufacturers of vehicles to select the 
most suitable variety. Organic glasses have many advan- 
tages because they can be given a variety of shapes and 
are almost unbreakable; they are not sufficiently hard for 
windshields, however, and are still expensive. Hardened 
glass cannot be used for windshields because visibility is 
greatly impaired if the glass is injured by ae, e 

.V.C. 

Solubilities and separations in glasses. Marc Foéx. 
Ann. Chim., 11, 359-452 (1939).—The solubility of the 
oxides X;0, and X;O, in borax heated at 


changes and 
upon solidification; the solubility of oxides in glasses hav- 
ing two constituents; glasses at high temperatures; the 
ect of pressure, temperature, and nature of the constitu- 
ents; the com tion of glasses; = ger 
glasses; the duration of treatment; glass surfaces; 
the effect of 108 references. See Ceram. wast? 17 
(7) 
ank furnace with circulation for the a 
chemical glass. M.A. Bezporopov. Sitekolnaya Prom.., 
14 [8-9] 25-27 (1938).—A tank furnace for mel chemi. 
cal glass is a regenerating furnace with two pairs of burners 
and with a circulating and transverse movement of the 
flame. The special characteristic of the tank is its low 
depth to produce high quality glass. Details are cra 


T of borosoda glasses. Marc Fotx. Bull. 
Soc. Chim., Mem., [5)6, 1056-61 (1939).—F. deals with 
X-ray diffraction spectra and the measurement of the den- 
sities of borosoda glass and tempered, annealed, and de- 
vitrified glasses. Discussions on the vitreous state are 
given from previous findings. The probable existence of a 
marked limit between the vitreous state aud the — 
lized state is emphasized. See “Effect of me 
Ceram. Abs., 18 [6] 151 (1939). AB. 

Trends in insulation practice. C. Lynn. ae, & Steel 
Engr., 16 [8] 40-53 (1939).—The manufacture and uses of 
mica, glass, oxides, enamels, shellac, and varnish are de- 
scribed. For use as insulation, thick sheets of mica are 
best built up of thin shells turned 90° with respect to each 
other, held together by bond, and fired. White mica 
stands working temperatures up to 500°C., and amber 
mica, temperatures up to 1000°C. Woven spun-glass in- 
sulation without impregnation is stronger and can stand 
higher temperatures than any competing insulation; it does 
not take a permanent set below 650°C. Aluminum oxide 
on aluminum wire may act as a conductor insulation under 
application of low voltage. The use of chemical coatings 
or impregnations lowers the operating temperature of glass 
insulation but raises the breakdown voltage. B.L. 

Use of dynamic viscosimeter in the glass-tank furnace. 
M. S. Kazansxil. Stekolnaya Prom., 14 [10] 27-29 
(1938).—Experiments with a new dynamic viscosimeter 
developed by K. G. Kumanin are described in - 

v.c 


Variation of resistance and power factor of glass con- 
densers with radio frequencies. Haze. M. FLercuer. 
Phil. Mag., 24 [160] 319-24 (1937).—At frequencies of 76 
to 8250 ke., resistance shows a slight maxima at 1300 and 
1900 ke., and power factor curves have a flat region at the 
same frequencies. The greater part of the resistance of 
glass condensers is due to dielectric losses, a portion of 
which is due to Debye’s polar orientation. H.H.S. 

Viscosity of coal-ash slags. P. NIcHOLLS AND W. T. 
Rew. Trans. Amer. Soc. Mech. Engrs., 62 (2) 141-53 
(1940).—A viscometer for measuring the viscosity of coal- 
ash slag at temperatures up to 2900°F. is described. The 
investigations show that slags in only a relatively small 
portion of the field of compositions of coal ash have the 
melting characteristics of glasses and that, for most com- 
positions, there is a distinct liquidus point. From the 
limited data available, plots for viscosity are given for 
2800°, 2600°, 2400°, and 2200°F., and the liquidus lines for 
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each temperature areshown. The relation between “flow 
temperature,” as determined in earlier investigations on 
slag-tap furnaces (Ceram. Abs., 14 [10] 263 (1935)), and 
viscosity and liquidus temperature is derived. When com- 
plete trilinear diagrams are available, accurate predictions 
can be made on the effect of mixing the ashes of two coals 
or of the addition of the main constituents. Predictions 
of the relative fusion and clinkering characteristics of coals 
from the softening temperatures of their ashes may give 
erroneous comparisons, but the initial and fluid tempera- 
tures can be additional guides. Illustrated. F.G.H. 


PATENTS 

Apparatus for bending sheet O. H. Pappock AND 

A. McK. (Libbey-Owens-Ford Glass 
Co.). U.S. 2,213,406, Sept. 3, 1940 (Sept. 29, 1938). 

Apparatus for feeding batch to glass furnaces. B. H. 


WEEKLEY (Libbey-Owens-Ford Glass Co.). U.S. 2,212.- 
358, Aug. 20, 1940 (April 16, 1938). 
Avparatus and method for controlling the feeding of 


glass charges. J. T. Woop. U. S. 2,215,417, Sept. 17, 
1940 (Nov. 25, 1938). 

Apparatus for obtaining tempered sheets. E. 
Feruiro. Brit. 524,484, Aug. 21, 1940 (Jan. 31, 1939). 

Apparatus and process for glass articles by 
means of moving jets for the purpose of tempering. 
Georces Monnet (Soc. Anon. des Manufactures des 
Glaces & Produits Chimiques de St. Gobain, Chauny & 
Cirey). Ger. 680,195, Aug. 3, 1939 (Nov. 6, 1937); VI/ 
32a. 30. articles are treated for the purpose of 
tempering by means of moving jets of gases or liquids which 
exert a cooling effect on the surface of the article being an- 
nealed or tempered. Fixed jets with two or more chan- 
nels for the coolant are employed whose openings for the 
escape of the coolant are so close to each other that a uni- 
form jet of coolant is produced. The mass escaping from 
the individual jets can be varied temporarily in any amount; 
the shape of the jets and their position are such that the 
range of action of the jets (uniformly produced) covers 
the entire article to be treated. D.A.B. 

Apparatus for produ: hollow glass objects with rein- 
forced base ends. Max ANDING AND ALBIN Hess (Jakob 
Dichter). Ger. 688,536, Feb. 8, 1940 (May 29, 1937); 
VI/32a. 27.—An apparatus is described for producing 
hollow glass articles with reinforced base ends from glass 
tubes. After the glass mass is heated up for sufficient 
gathering, the base ends to be reinforced are blown by 
turning the mass around the longitudinal axis of the glass 
tube and pushing it against the form surfaces determining 
the design of the base and the side walls of the tube. The 
apparatus has a mechanical driving unit for the base form 
which imparts a relative motion to the base ends while 
they are being blown up; this motion is opposite to that of 
the motion of the glass tube. D.A.B 

Apparatus for tem O. H. Pappocx (Libbey- 
Owens-Ford Glass U. S. 2,213,405, Sept. 3, 1940 
(Nov. 18, 1937). 

Apparatus for use in the bedding of glass sheets prepara- 
tory to surfacing. Joun Moran anp M. N. Kepier 
(Libbey-Owens-Ford Glass Co. U. S. 2,212,351, Aug. 20, 
1940 (March 11, 1938). 

Applying metallic covering to quartz glass or glasses 
to quartz. Hans Putrricn, RICHARD WAGNER, 
AND PsTeR (Patent-Treuhand-Ges. fiir elek- 
trische Glihlampen m.b.H.). Ger. 680,371, Aug. 3, 
1939 (Nov. 24, 1937): VI/32b. 10.—A method is given 
for applying a meta!?::, electricity-conducting, solderable 
coating to quartz gi 4s or glasses resembling quartz, A 
metallic covering having a higher melting point than the 
quartz glass being used is applied to the article in the form 
of a fine granular suspension or paste and is treated by 
heating it to a temperature above the melting point of the 
quartz surface but below the fusing temperature of the 
metal. The entire heating process of the metal coating, 
from the beginning of the application of heat to the end of 
the cooling period, takes about 1 to 2 min. D.A.B. 

Cathode-ray tubes and like electric e devices 

having ceramic bases. GENERAL ELECTR LID., 
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J. Ricwarps, anp G. W. WaRREN. Brit. 524,826, Aug. 28, 
1940 (Feb. 8, 1939). 

Coating glass, etc. Neronetecrric Co., Lrp., AND 
O. P. Scarrr. Brit. 524,427, Aug. 21, 1940 (Jan. 31, 1939). 

Coating glass fabric. C. A. Att (E. I. du Pont de 
Nemours & Co.). U. S. 2,215,061, Sept. 17, 1940 (Feb. 
25, 1937).—The process comprises coating a woven glass 
fabric with a composition consisting of cellulose nitrate 
14.0, castor oil 18.6, pigment 23.4, ethyl acetate 17.6, and 
ethyl alcohoi 26.4% and thereafter drying. 

oring quartz glass objects. FRANz SKAUPY AND 

Gustav WEISSENBERG. Ger. 689,872, March 21, 1940 
(July 26, 1937); VI/32b. 2.—The low oxides of metals 
whose most stable step of oxidation forms a white, slightly 
colored, acid anhydride are employed as the res 5's gl 
rial. 


Division, corner, and reverse bar. C. D. Lowry (Lib- 
bey-Owens-Ford Glass Co.). U. S. 2,213,402, Sept. 3, 
1940 (Aug. 23, 1937). 

Electrically heated mouthpiece on a furnace for produc- 

threads or filaments from glass or materials plastic 
when heated. (Kaiser Wilhelm-Institut 
fiir Silikatforschung). Ger. 684,081, Nov. 2, 1939 (Dec. 
17, 1937); VI/32a. 25.—The outlets of the electrically 
heated mouthpiece have an oblong or elliptical cross sec- 
tion, and their longitudinal direction is parallel to the gen- 
eral direction of the heated stream passing through the 
mouthpiece. D.A.B. 

Fluorescent glass. H. P. Hoop (Corning Glass Works). 
U. S. 2,215,040, Sept. 17, 1940 (Feb. 8, 1939).—A glass 
which contains thallous oxide which will fluoresce sub- 
stantially white when irradiated at a wave length of about 
3650 a.u. and which is free from second group sulfides. 

F sealed hollow articles of glass. H. H. Brau 
(Corning Glass Works). U. S. 2,215,027, Sept. 17, 1940 


(Sept. 12, 1939). 

Frost-resistant Frep Cornetto (M. M. Sulli- 
van). U.S. 2,215,209, Sept. 17, 1940 (Aug. 26, 1939).—A 
method of making a frost-resistant glass comprises mixing 
a glassforming batch with alcohol and water, heating the 
mixture to dryness, melting the thus-treated batch, and 
forming glass — from the melt. 


Glass-inspection tus. E. L. Waters (Libbey- 
Owens-Ford Glass Co). U. S. 2,213,422, Sept. 3, 1940 
(Sept. 22, 1937). 


Glass mold. W. McK. Greep (J. A. Weirich). U. S. 
2,212,984, Aug. 27, 1940 (April 17, 1937). 

Heating and reshaping glass articles. J. C. Hosrerrer 
(Corning Glass Works). U. S. 2,215,041, Sept. 17, 1940 
(Dec. 7, 1938). 

Lehr drive for sheet machines. J. H. REeDSHAW 
(Pittsburgh Plate Glass Co.). U.S. 2,215,231, Sept. 17, 
1940 (Oct. 9, 1937). 

e. K. C. Burroucus (Bausch & 
Lomb — o.). U.S. 2,214,361, Sept. 10, 1940 (April 
10, 1935). 


Lens manufacture. J. D. Gamaie. U. S. 2,213,958, 
Sept. 10, 1940 (May 27, 1937).—A machine for reducing a 
glass blank to the form of a bifocal lens. 

Machine for grinding or polishing lenses. Dovuc Las 
Tayior. U.S. 2,214,977, Sept. 17, 1940 (March 25, 1940). 

Machine for sealing-in and molding lamp bulbs. M. E. 
McGowan (Westinghouse Electric & Mfg. Co.). U.S. 
2,212,842, Aug. 27, 1940 (Dec. 21, 1935). 

M ted articles. J. T. Lirrteton (Cor- 
ning Glass Works). U.S. 2,212,162, Aug. 20, 1940 (Jan. 6, 
1938).—-The method of manufacture of a screen suitable 
for filtering acids and similar corrosive materials includes 
submerging a metallic screen into a bath of molten glass, 
withdrawing the coated screen therefrom, draining surplus 
glass from the screen in a heated chamber, and opening up 
any mesh bridged by a film of glass by playing a flame 
thereon. 

Making mirrors. Peacock (Peacock Labora- 
tone” Inc.). U. S. 2,214,476, Sept. 10, 1940 (Oct. 18, 

Manufacture of ceramic products. N. S. Garsiscu. 
U. S. 2,215,215, Sept. 17, 1940 (Jan. 12, 1938).—A process 
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of manufacturing translucent ceramic bodies comprises 
grinding glass by means of sand of the purity of glass- 
batch sand as an abrasive, thereby providing a mixture of 
pulverulent silica and glass of a particle size such that 
substantially all of it will pass through a screen of 325 
mesh, washing the pulverulent material with dilute min- 
eral acid, mixing it with clay to form a plastic coherent 
mass in which the clay constitutes about 50% of the whole, 
shaping the masses into bodies of desired form, and firing 
them until the bodies are vitrified to a hard translucent 
state. 

Manufacture of glass-like quartz. A. F. Burcgss 
(Vereinigte Glihlampen und Elektrizitaéts Akt.-Ges.). 
Brit. 524,442, Aug. 21, 1940 (Dec. 29, 1938). 

Manufacture of phials, bottles, etc. Jonunson & 
JORGENSEN F.iint Grass, Ltp., AND E. AsHrorp. Brit. 
524,927, Aug. 28, 1940 (Jan. 9, 1939). 

Manufacture of laminated glass. F. L. BisHop anp 


C. S. SHoemaKer (American Window Glass Co.). U. S. 
2,214,158, Sept. 10, 1940 (Dec. 1, 1936). 

Manufacture of multiple glass sheet units. J. J. 
Hoprtevp (Libbey-Owens-Ford Glass Co.). U.S. 2,213,- 


395, Sept. 3, 1940 (July 14, 1937).—In the fabrication of a 
multiple glass sheet glazing unit including a plurality of 
sheets of glass and separator means arranged between the 
glass sheets around the edges thereof and bonded thereto 
to provide an air space therebetween, the process consists 
in first providing an opening in the separator means com- 
municating with the air space, placing the unit in a cham- 
ber, creating a vacuum within the chamber to exhaust the 
air from within the unit, heating the unit in vacuum, and 
finally closing the opening. 

Manufacture of threads of glass, etc. Soc. ANon. 
VETRERIA ITALIANA BALZARETTI MODIGLIANI. Brit. 
524,528, Aug. 21, 1940 (March 22, 1938). 

Means for opening and closing the molds of a machine 


for forming are. T. F. Pearson (Crown Cork & 
Seal Co., Inc.). U.S. 2,212,699, Aug. 27, 1940 (Sept. 15, 
1936). 


Method and a tus for melting and fining 
Games SLAYTER (Owens-Corning Fiberglas Corp.). 
2,212,528, Aug. 27, 1940 (Dec. 28, 1935). 

Method and apparatus for the production of fibers from 
molten glass, etc. Prero MopicLiani (Owens-Corning 
+ Corp.). U.S. 2,212,448, Aug. 20, 1940 (Feb. 12, 
1937). 

Method and machine for sealing vitreous vessels. D. S. 
Gustin (Westinghouse Electric & Mfg. Co.). U. S. 
2,215,100, Sept. 17, 1940 (May 22, 1937). 

Mortar-bonded glass structure. R. R. McGrecor AND 
FE. L. Warrick (Corning Glass Works). U.S. 2,215,048, 
Sept. 17, 1940 (April 18, 1939). 

ultiple glass sheet glazing unit. C. D. Haven 
(Libbey-Owens-Ford Glass Co.). U.S. 2,213,468, Sept. 3, 
1940 (Dec. 26, 1935). 

Nondrip milk bottle. 
(General Ice Cream Corp.). 
1940 (Jan. 27, 1940). 

Oo hthalmic lens. M. R. Scott (Bausch & Lomb Opti- 
cal Co.). U.S. 2,214,385, Sept. 10, 1940 (Oct. 9, 1935; 
renewed April 12, 1940). 

Porous material manufacture. W. O. Lyrt.e (Pitts- 
burgh Plate Glass Co.). U. S. 2,215,223, Sept. 17, 1940 
(Dec. 30, 1937).—A process of preparing cellular glass 
comprises filling a vertical column with molten glass, the 
molten glass at the bottom of the column being under sub- 
stantial hydrostatic pressure resulting from the glass 
above, introducing gas into the portion of molten glass 
under pressure, flowing the gasified material under pres- 
sure into a zone of relatively reduced pressure to allow the 
gases to expand and form a highly cellulated coherent 
body, and cooling the body. 

Process and apparatus for bending glass sheets. J. G. 
O.LIverR (Pittsburgh Plate Glass Co.). U. S. 2,215,228, 
Sept. 17, 1940 (April 21, 1937). 

Process and apparatus for making base assemblies for 
sealed glass envelopes. Corninc Giass Works. Brit. 
524,127, Aug. 14, 1940 (Feb. 28, 1938). 


glass. 
U. S. 


H. L. Wurre anp J. A. KEENAN 
U. S. 2,214,004, Sept. 10, 
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Process and apparatus for weaieg glass bodies. Cor- 
— Works. Brit. 524,126, Aug. 14, 1940 (Feb. 19, 
1938). 

Producing a durable and strongly adhering silver coat- 
ing on the upper surfaces of Fritz NEUMANN. Ger. 
684,082, Nov. 2, 1939 (April 13, 1938); VI/32b. 10.— 
A durable, adhering silver coating on the upper surfaces of 
glass is produced by pouring a mixture of alcohol, lead ace- 
tate, and butyl acetate (or amyl acetate) with a small per- 
centage of so-called silver glance over the glass surface. 
The excess mixture is drained off, and this process is re- 
peated with a solution of celluloid or nitrocellulose in 
butyl acetate (or amyl acetate); the glass surface thus 
treated is subjected to a temperature of about 200°C. 

D.A.B. 

Producing fine sieves, filters, spinneret plates, etc., from 
plastic or molten glass. Hemnrich SEVERIN. Ger. 685,105, 
Nov. 16, 1939 (Sept. 30, 1937); VI/32a. 24.04.—Open- 
ings are produced in the plastic or molten glass mass by 
pressing or stamping. The plastic mass, before becoming 
hard, is subjected to a pressure which is axial to the 
openings, so that they may be diminished to the desired 
small diameter. D.A.B. 

Producing glass building blocks Ww of a hollow 
object and a cover. Games SLayTer (A.-G. der Gerres- 
heimer Glashiittenwerke vorm. Ferd. Heye). Ger. 684,- 
257, Nov. 2, 1939 (Sept. 30, 1937); VI/32a. 24.04.— 
Hollow glass building blocks are constructed from a hollow 
object and a cover which are joined together with an or- 
ganic binding material. The hollow object is placed on 
the edge of the receptacle containing the binding agent 
with its opening facing downward, and an immobile organ 
applies the binding agent mechanically to the desired spot 
on the hollow object; the object is then placed over a jet 
giving off dry hot air for the purpose of heating the inte- 
rior of the hollow object, and the cover plate i is pushed over 
the spot and is pressed from below against the hollow ob- 
ject to bring about a complete union. D.A.B. 

Producing « glass mixture containing lime. Howarp 
Ee.ts, Jr., AND Harvey Barrett (Non-Metallic Min- 
erals, Inc.). Ger. 689,628, March 14, 1940 (March 2, 
1937); VI/32a. 1.—The lime is introduced into the glass 
mixture in the form of a sintered product which is ob- 
tained by sintering limestone with small amounts of mate- 
rial containing alumina (3 to 8%). D.A.B. 

Producing glass tube connections on hollow Foam ob- 
jects. Kari Ercunorn (Vereinigte Lausitzer Glaswerke 
A.-G.). Ger. 686,722, Dec. 21, 1939 (March 8, 1938); 
VI/32a. 8.—In a method for producing glass tube con- 
uections on hollow glass objects, the connection is pro- 
duced on the heated glass object from a plastic glass mass 
by means of a form and is then fused with the hollow glass 
object. The connection is formed by pressing by em- 
ploying a die. The separating wall remaining inside the 
pressed connection is removed by means of a Pe. 

A.B. 
Producing hollow giass objects with reinforced bases 
from glass tubes. Jakos Dicnrer. Ger. 685,193, Nov. 

16, 1939 (Nov. 23, 1934); VI/32a. 27.—Hollow glass 

objects with reinforced bases are produced by forming the 

bases of the workpieces (preformed and made in sets of 
two by drawing out a glass tube sufficient for two hollow 
glass objects) and using an interposed plate and an inde- 


The glass tubes are drawn out and sealed off, the ends 
are blown up so that a cylindrical roller can be momen- 
tarily applied, and the units are fashioned into a hollow 
glass object with a reinforced base and walling by applying 
a crescent-shaped base plate which only partly touches the 
base of the glass tube and is mobile in the axis direction in 
the working position. D.A.B. 

Prod ornamental glass tile. A. D. Nasu (Pitts- 
burgh Plate Glass Co.). U.S. 2,215,227, Sept. 17, 1940 
(June 15, 1938). 

Producing tight unions between glass and ceramic 
articles. PORZELLANFABRIK Kania. Ger. 688,373, Feb. 
1, 1940 (Nov. 23, 1932); VI/80b. 24.01.—A method for 
the union of ceramic materials with glasses is given. Pure 
silicates containing magnesium are used for the production 
of the ceramic article, e.g., Calit, whose thermal coefficient 
of expansion is above that of the glasses employed. 

D.A.B. 


Production of glazed fabrics. Toorat Broapuurst Leg 
Co., Lrp., H. Corrgeen, R. P. Foutps, anp F. C. Woop. 
Brit. 523,731, July 31, 1940 (Jan. 13, 1939). 

Production of safety CHEMISCHE FORSCHUNGS- 
GES. M.B.H. Ger. 679,898, July 27, 1939 (Nov. 27, 1934); 
IVc/39b. 27.—The binding agent is applied between the 
glass sheets to be joined together in the form of cast or 
formed cylindrical-, lens-, or globular-shaped pieces of 
small dimensions. Only a small part of the glass to be 
pressed is touched by the binding agent. D.A.B. 

Se glass with ceramic material. C. Lorenz Axrt.- 
Ges. Brit. 524,339, Aug. 14, 1940 (Jan. 27, 1938). 

Treating borosilicate glasses. H. P. Hoop anp M. E. 
NorpBerGc (Corning Glass Works). U. S. 2,215,039, 
Sept. 17, 1940 (March 19, 1934; Sept. 20, 1934).—The 
process comprises melting a glass containing approxi- 
mately 75 silica, 20 boric oxide, and 5% soda, fabricating 
it into a fixed shape, removing the surface of the iabri- 
cated glass, heat-treating the fabricated glass at between 
500° and 750°C. until it separates into two phases, leach- 
ing the heat-treated glass in an acid bath containing salts 
in solution to dissolve out one of the phases, washing the 
remaining phase, and heating the washed phase to a vitrify- 
ing temperature without destroying its shape. 

Treating mineral fibrous substances, such as glass wool, 
slag wool, etc. CLEMENS HANNEN. U. S. 2,215,150, Sept. 
17, 1940 (Dec. 16, 1937).—A process for the treatment of 
siliceous fibers comprises forming fibers from molten mate- 
rial and, while the fibers are still plastic, coating the sur- 
face thereof with a dust composed of a finely pulverized 
material selected from the following group consisting of 
glass, sand, quartz sand, asbestos, quicklime, | nestone, 
fluorspar, chalk, and pumice stone to render ..1em more 
suitable for spinning and weaving. 

Wall constructed of hollow glass building biocks. J. E. 
Baver (A.-G. der Gerresheimer Glashiitteawerke vorm. 
Ferd. Heye). Ger. 684,379, Nov. 9, 1939 (Jct. 20, 1937); 
V/37a. 5.—A hollow glass block possesses a coating of 
titanium oxide enamel or a similarly acting enamel and is 
sprinkled with grit, sand, etc., on the sides usually coming 
in contact with the mortar. D.A.B. 

Workpiece holder for glass-grinding machine. E. F. 
PREISSLER AND ARNO NestLeR. Ger. 683,997, Oct. 26, 
1939 (June 29, 1938); XII/67a. 17.—A glass-grinding 
machine has a workpiece holder for conical hollow objects 


pendent side wall while the glass is in the heated stage. which is operated by means of a suction. D.A.B. 
Structural Clay Products 
Experiments on the technical production of lime-ash PATENTS 


brick. L. A. KisiyaKxov. Strottel. Materialy, 1936, No. 
12, pp. 22-24; Chem. Zenir., 1938, II, 920; Chem. Abs., 34, 
4534 (1940).—Good results were obtained in the production 
of brick from slag-ash wastes from technical furnaces when 
8 to 10% of lime was added and the pressed mass con- 
tained 12 to 15% moisture. The brick so produced 
scarcely differed from ordinary silicate brick in its value 
as a building material. 


Brick stack grab. R.A. Fontaine. U. S. 2,213,629, 
Sept. 3, 1940 (May 12, 1937). 

Building structure. C. S. Brown. U. S. 2,214,657, 
Sept. 10, 1940 (March 16, 1939).—A building structure 
includes brick arranged in tiers with a brick of each tier 
abutting against each other and lying directly on the next 
underlying tier, the brick of each tier including alternate 
stretcher and header brick, the confronting faces of the 
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header and stretcher brick being complementally beveled 

from the front faces of the stretcher brick to the back 

faces thereof and so arranged that the header brick fit be- 
tween the stretcher brick keystone fashion. 

courses for walls, etc. A. J. G. Smour AND 

IMPERIAL caL INnpustrigs, Lrp. Brit. 522.758, 

July 31, 1940 (Jan. 13, 1939). 


Ceramic Abstracts 


Vol. 19, No. 11 


Method and apparatus for removing the moisture from, 
and kee dry, buil brickwork, etc. P. Ernst. 
Brit. 524,508, Aug. 21, 1940 (Jan. 31, 1939). 

Wall ion. R. D. Woopwortn. U. S. 2,213,- 
355, Sept. 3, 1940 (Dec. 21, 1939). 


Refractories 


Effect of fluxes on the resistance to moisture and refrac- 
pesmi of dolomite products. A.S. Bazitevicn. Ogneu- 
pory, 7 [9] 585-92 (1939).—To obtain dolomite refrac- 
tories of high resistance to moisture, silicoaluminous addi- 
tions (kaolin, bauxite, or clay) should be added to the mix; 
the addition ie iron oxide to silica is recommended for the 
production of highly refractory and moisture-resistant 
delemite products. M.V.C. 

Eiectric furnaces with inclined walls. M.Zvusv. Stal, 
1939, No. 6, pp. 30-32.—In some electric arc furnaces the 
vertical walls were replaced by inclined walls. Results 
were as follows: (1) the durability of the walls and the roof 
increased; (2) the cost of refractory materials decreased; 
(3) capacity of the metal bath increased; (4) the cost of 
electrodes and electrical power decreased; and (5) the 
quality of the steel was improved. B.E.K. 

Heat-insulation problems in steam power plants. E. T. 
Cope anp W. F. Kinney. Mech. Eng., 62 pel 465-70 
(1940).—Insulation and the refractory requirements of 
boiler-furnace walls are briefly described and illustrated. 
See Ceram. Abs., 19 [5] 115 (1940). G. 

Highly re dolomite products with a watery bond 
from clinker o ed by means of the synthesis of tri- 
calcium silicate. D. A. NrreNsHTein K. M. Sumvuxk- 
LER. Ogneupory, 8 [1] 23-28 (1940).—The manufacture 
of highly refractory dolomite products from clinker was 
accomplished by direct synthesis of tricalcium silicate from 
dolomite with the addition of natural raw materials con- 
taining alumina and silica. The results show the possi- 
bility of producing moisture-resistant dolomite clinker 
which is basically composed of tricalcium silicate and peri- 
clase. The purest dolomite should be used, and it should 
not contain more than 3.5% SiO, and not more than 6% of 
the total of SiO, + R,O;. Diatomite and clays containing 
Fe are recommended as admixtures. M.V.C. 

High-temperature gas-fired test furnace. C. L. Toomp- 
SON AND HerMAN G. Wiicox. Bull. Amer. Ceram. Soc., 
19 2! 336-37 (1940). 

Increase in durability in laying open-hearth furnaces. 
N. Dusrov AND J. Drospov. Sial, 1939, No. 1, pp. 15- 
18. B.E.K. 

Manufacture and testing of silica brick containing Tara- 
sov quartzites in crowns of open-hearth furnaces. G. B. 
TAvuBIN. Ogneupory, 7 [12] 733-37 (1939).—The results 
show the high quality of the silica brick semen 7. 

M.V.C. 

Manufacture and testing of silica brick made from 
Ovruch quartzites in the crowns of open-hearth furnaces. 
G. B. Taupin. Ogneupory, 7 [8] 535-46 (1939).—Ovruch 
crystallized quartzites (100%) are suitable for the manu- 
facture of silica refractories. Silica brick manufactured 
from them were as stable as brick prepared from tertiary 
quartzites. These brick do not require special technologi- 
cal methods of manufacture. 

Manufacturing refractories from Maidan-Vilskii kaolins. 
V.S. Kvirxo. Ogneupory, 7 523-29 (1939).—Labora- 
tory studies of Maidan-Vilskii kaolins made by the Ukrain- 
ian Refractory Institute showed that these kaolins are 
suitable for the production of semiacid refractories of high 
grade M.V.C. 

Methods for determining gas permeability. >, N. 
POLUBOYARINOV AND I. Ya. ZALKIND. Ogneupory, 7 [9] 
611-14 (1939).—Methods used in the determination of gas 
permeability of refractories are reviewed. A preliminary 
test with a simplified method based on the determination 
of the air pressure only is dealt with. M.V.C. 


Physicochemical reactions occurring in silica brick in 
insulated crowns of open-hearth furnaces. I. S. Smet- 
YANSKIIT. Ogneupory, 8 [1] 29-36 (1940).—S. reviews the 
literature on the effect of thermal insulation on the stability 
of silica brick in crowns of open-hearth furnaces. He con- 
cludes that, under normal operation of open-hearth 
furnaces, insulated crowns will possess longer life than 
those which are not insulated. M.V.C. 

Production of alumina from raw materials other than 
bauxite. G. Gatto. Chim. ind. agr. biol., 15, 88-93 
(1939); Chem. Abs., 34, 4867 (1940).—Outlines are given 
of processes of extracting Al,O; from clays (Germany) ac- 
cording to the formula Al,O,-2SiO,; + 3(NH,),SQ, = 
Al,(SO,)s + 6NH; + 2SiO, + 3H,O, from nephelite 
(Russia) according to the formula (Na,K),0-Al,O;-2SiO, 
+ 4CaCO; = (Na,K),0-Al,0; + 2(2CaO-SiO,) + 4COy,, 
and from alunite (Japan). 

Refractories at Noranda smelter. W.B.Boccs. Bull. 
Amer. Ceram. Soc., 19 [9] 338-40 (1940). 

Refractory materials. J. Zeevanper. Mech. World 
& Eng. Record, 107 [2791] 571-72 (1940).—A flowsheet in 
chart form shows eleven major operations which refrac- 
tory raw materials such as fire clay, silica, semisilica, mag- 
nesia, and dolomite must undergo during the making of re- 
fractories. F.E.S. 

Service of silica brick made from crystalline and amor- 
phous quartzites in open-hearth furnaces. A. A. Popov. 
Ogneupory, 7 [10-11] 692-700 (1939).—A comparison is 
made of the stability of silica crowns in open-hearth fur- 
naces in the U.S., Germany, and U.S.S.R. Tables show- 
ing their comparative properties are given. Silica brick for 
crowns may be manufactured from either crystalline or 
amorphous quartzites provided that their specific gravity 
is not over 2.38. M.V.C. 

echnology, properties, and uses of forsterite (dunite) 
refractories. D.A. Kissin. Ogneupory, 7 [10-11] 667-87 
(1939).—K. discusses in detail the basic properties of raw 
materials; the manufacture and physicochemical proper- 
ties of forsterite refractories and their use in metallurgical 
furnaces are also discussed. M.V.C. 

Tertiary quartzous sandstone as raw material for silica 
brick. S. V. PoTraPeNnKo. Ogneupory, 7 [9] 621-26 
(1939).—On the basis of physicochemical and technologi- 
cal experiments, P. found that well cemented quartzous 
sandstones can be used as raw material for silica brick. 
These sandstones consist of quartz grains and siliceous ce- 
ment in which the quartz grains are imbedded. Cement 
consists of very small quartz granules and crystalline sec- 
ondary quartz, small amounts of clay substance, and ox- 
ides of titanium and iron. M.V.C. 


PATENTS 
Firebrick wall construction. W. A. Warre. U. S. 
2,212,411, Aug. 20, 1940 (July 18, 1938). 
Furnace wall construction. W. A. Warre. U. S&S. 


2,212,412, Aug. 20, 1940 (April 14, 1939). 

Making chromite refractory materials. G. E. Sem 
(E. J. Lavino & Co.). U. S. 2,214,353, Sept. 10, 1940 
(Jan. 13, 1939).—The process of making chromite refrac- 
tories comprises mixing the chrome ore with an amount 
of barium oxide-yielding material so calculated that the 
BaO to SiO, ratio in the mixture is substantially 5.1 to 1 
and heating the mixture to a temperature above the critical 
point at which barium orthosilicate is formed from the 
BaO and SiO, present but below the fusion point of the 
mass. 


| 
| 
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Manufacture of refractory material. Bastc DoLomire, 
Inc. Brit. 523,581, July 31, 1940 (Jan. 15, 1938). 
Producing nondeteriora ucts. -- Mac- 
NESITAL G.m.B.H. Ger. 685,021, Nov. 16, 1939 (Jan. 21, 
1935); VI/80b. 8.18.—The preformed mass is provided 
with a combustible covering such as paper, a metal layer 
which will oxidize upon firing, or « metal oxide layer. 
The pulverized oxide of a metal such as Al,O; may be 
dusted on the object, after which it is given a final pressing 
and fired. A honeycombed system or form of metal oxide 
or combustible material may be placed in the form for 
pressing the material, the inserted system and the form 
for pressing the material is filled with the substance to be 
pressed, and the object is cast and fired. D.A.B. 
Producing refractory materials. Diprer-Werke A.-G. 
Ger. 679,915, July 27, 1939 ( April 3, 1936); VI/80b. 8.04.— 
Addition to Ger. 437,107.—Refractory materials are 
produced according to Ger. 437,107. Magnesite or mate- 
rials containing magnesium oxide and chrome ore are 
finely ground and intimately mixed. A portion of this 
batch is cast, fired, and granulated. This material is 
added to the remainder of the finely ground mixture, and 
the cast object is fired. DA.B. 
Producing refractory products. KRISTOFFER STENVIK 
(V. M. Goldschmidt). Ger. 686,569, Dec. 14, 1939 (April 
16, 1937); VI/80b. 8.18.—Refractory products are pro- 
duced from magnesium orthosilicate or from materials 
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tered magnesite, chromite, or both. Metals (for best re- 
sults, those of the iron group) or alloys of metals in finely 
divided state are introduced to the starting materials, and, 
upon firing of the mixture, refractory cementing is pro- 
duced by the transformation of the added metals into me- 
tallic oxide compounds. D.A.B. 
Refractory mold material. A. W. Merrick Anp P. H. 
Berer (Austenal Laboratories, Inc.). U. S. 2,211,789, 
Aug. 20, 1940 (Nov. 19, 1937).—Refractory mold material 
for making molds into which high-melting point metals 
and alloys are to be cast comprised essentially of ground 
quartz and comprising, in addition thereto, a binding 
agent and up to approximately 1.0% of an alkali oxide se- 
lected from the group consisting of sodium, potassium, 
and lithium introduced as a constituent of an inert carrier 
comprising soda-lime glass, the inert carrier being sub- 
stantially insoluble and thereby avoiding any disturbance 
of the normal setting of the binding agent, the alkali oxide 
accelerating the transformation of quartz into tridymite at 
reduced temperature and being introduced in such amount 
that the resulting expansion is substantially limited at the 
final casting temperature and is not further increased by 
continued heating at the casting temperature for an inter- 
val of time after the casting temperature is reached. 
Vertical retorts for the distillation of carbonaceous ma- 
terials. Werst’s Gas Improvement Co., Lrp., F. J. 
West, AND E. West. Brit. 524,309, Aug. 14, 1940 (Jan. 


containing this material, such as olivine rock, with or with- 26, 1939). 
out the addition of other refractory materials, such as sin- 
Terra Cotta 


PATENTS 

Ceramic vault. R.S. DoNAHEY. 
1940 (March 31, 1937). 

Electrical conduits. AssocraTeEpD CLAY INDUSTRIES, 
Lrp., AND F. Packarp. Brit. 523,820, Aug. 8, 1940 (Jan. 
16, 1939). 

Fireproof building structure. 
Jenxins (H. H. Robertson Co.). 
1940 (Oct. 14, 1938). 

Flue lining. Leonrpas Wison. U. S. 2,213,354, Sept. 
3, 1940 (June 14, 1938). 

G hollow clay bodies. 


U.S. 2,213,187, Sept. 3, 


J. H. Younc anp P. W. 
U. S. 2,213,603, Sept. 3, 


R. A. Surecey (National 


Producing a vitreous or glass-like surface on objects 
having several surface layers. Maurizio Koracu AND 
Antonius Dat Borco. Ger. 686,836, Dec. 21, 1939 
(April 15, 1936); VI/80b. 14.01.—A glassforming or 
glazing material is applied to a nonsintered pulverized 
material which acts as an intermediate layer between the 
glazing and the correspondingly fashioned base. The 
object is heated until fusion and flowing together of the 
vitreous material. D.A.B. 

Talc-containing ceramic composition. DoNaLp Hacar. 
U. S. 2,213,495, Sept. 3, 1940 (Aug. 10, 1939).—A new 
ceramic composition for tile and other light glazed articles 
comprises as essential elements 5 to 45% talc and 0.1 to5% 


Fireproo Corp.). U.S. 2,212,622, Aug. 27, 1940 (Aug. 
18, 1938). barium carbonate, the remainder of the composition being 
Machine for cutting tile, etc. C. A. Martin. U.S. composed of clay, flint, and feldspar. 
2,213,011, Aug. 27, 1940 (Dec. 18, 1939). 
Whiteware 


Alternating-current resistance of ceramic materials at 
temperatures up to 600°C. E.F. Ricnrer. Physik. Z., 
40, 597-603 (1939).—Test pieces of a porcelain body and 
two magnesium-silicate bodies consisted of round disks, 
80 mm. in diameter and 5 mm. thick, coated with a fired-on 
platinum and silver electrodes. The entire equipment (in- 
sulators, thermocouple, etc.) was mounted on a small car- 
riage which was pushed into the test muffle furnace. The 
heating-up time was 3 hr. and the cooling time was 9 hr. 
Measurements were taken during the heating-up and cool- 
ing of the specimens. The specific resistance in ohms per 
cm. at the normal 50-cycle frequency and at higher fre- 
quencies was plotted in diagrams (resistance vs. tempera- 
ture (°C.)). The surface of the disks was found to have a 
decided influence upon the resistance. Porcelain speci- 
mens with ground-off surfaces showed an increase in resist- 
ance of 20 to 40%, while magnesium-silicate bodies with 
ground-off surfaces decreased in resistance from 40 to 70%. 
The combined value of the dielectric loss and the dielec- 
tric constant (expressed as « X tgé) of each material gives 
a much more comprehensive picture in its relation to tem- 
perature when plotted in these diagrams than the separate 
values of loss factor and dielectric constant. 1 photo- 
graph, 8 diagrams. See ‘Electrical. . .,”” Ceram. Abs., 17 
[11] 358 (1938). L.E.T. 


Ceramic filters. Gino Campana. Ceramica, 2 [4] 
120-26 (1940).—Ceramic filters have been used in the 
chemical, pharmacological, and bacteriological industries 
only in the last few decades. The particular property of 
sterilizing and filtering liquids containing microorganisms 
which certain fire 1 masses with a kaolin base possess was 
first observed in .ae laboratory of Pasteur. With ceramic 
filters, solutions can be sterilized cold if necessary. Indus- 
trial filters resist high pressure, last longer, and can be 
renovated; some types are resistant to concentrated acids 
and alkalis. Some are made of glass wool, ceramic agglom- 
erates, porous porcelain, and compact masses of diatoma- 
ceous earth. Agglomerates for filters are of different sub- 
stances: glass, clay clinker, porcelain, quartz, etc.; they 
are ground to different finenesses (from 3600 to 4900 mesh 
up to 10,000 mesh per sq. cm.), compressed in a hydraulic 
press (300 to 400 atmospheres) into plates, cylinders, etc., 
of the desired dimensions, and fired at temperatures rang- 
ing from 800° to 1300°, depending on the material. The 
surface of the finised filter shows visible pores which lead 
to very small internal capillary canals of '/:0 to '/:e mm. 
constituting an intricate labyrinth. The clarifying power 
of agglomerates resides principally in the great surface of 
contact in the interior of the mass, The liquid passing 
through it loses bodies in suspension because of their ad- 
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hesion to the canal walls. Diatomaceous earth used for 


‘filters must be very pure. Its high clarifying power is 


derived from its great adhesive capacity because of the 
very large surface of contact existing between the micro- 
scopic reticulated silica particles, and for this reason it can 
be used for filtering microorganisms of a bacteria culture. 
The manufacture of diatomaceous earth filters, usually 
called “candles” because of the form of the filtering ele- 
ment, is very complex and requires the utmost accuracy 
and precision. The preparation of porcelain filters re- 
quires special care and is described briefly. Among the 
other uses of ceramic filters are the purification of drinking 
water in large plants and home installations and the clari- 
fying of mineral and vegetable oils. M.V.C. 


PATENTS 


Ceramic body for spark-plug insulators. T. G. Mc- 
Dovcat, A. H. Fgesster, anp H. B. Barvetr (General 
Motors Corp.). U. S. 2,214,931, Sept. 17, 1940 (Sept. 7, 
1938).—A spark-plug insulator characterized by high 
thermal , superior resistance to heat shock, good 
mechanical strength, and high electrical resistance at both 
high and low temperatures, in the form of a dense, non- 
porous body consisting of a sintered mixture of corundum 
and 0.5 to 20% monazite sand. 

Ceramic distributor head. Orro ELiincer. Ger. 
686,731, Dec. 21, 1939 (Nov. 29, 1938); Ia/46c*. 20.—A 
design is given for a ceramic distributor head made of 
steatite, calcite, etc. D.A.B. 

Ceramic insulator. Ernst ALBERS-SCHONBERG (Steatit- 
Magnesia A.-G.). Ger. 679,917, July 27, 1939 (May 8 
1937); VI/80b. 8.08.—A ceramic insulator for steam 
boilers makes use of known ceramic materials whose essen- 
tial constituents are related to the system MgO-Al,O;- 
SiO, and which have a composition by weight of 5 to 18 
MgO, 30 to 50 Al,O;, 40 to 65% SiO, and heavy metal 
oxides such as iron oxide. This ceramic insulator is used 
in places on steam boilers where there is considerable heat 
change and the possibility of attack by superheated water. 

D.A.B. 

Ceramic thread guide, etc. Hans THURNAUER (Ameri- 
can Lava Corp.). U. S. 2,214,703, Sept. 10, 1940 (Nov. 
17, 1937).—Textile-thread guides made of titanium dioxide 
are manufactured according to ceramic methods and fired 
to a vitrification temperature between 1350° and 1400°C, 
in a neutral or oxidizing kiln atmosphere. 
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Defecator with universal wall or floor outlet connection. 
W. C. Groenicer (John B. Pierce Foundation). U. S. 
2,212,518, Aug. 27, 1940 (Nov. 17, 1937). 

Pottery ware processing apparatus. W.H. L. ANDER- 
son, M. H. Kinc, anp A. W. McELroy (Edwin M. 
Knowles China Co.). U. S. 2,213,426, Sept. 3, 1940 
(March 4, 1939). 

Prod transparent vitreous objects. J. H. Parr- 
RIDGE AND CELLO PrRaNi1 (Patent-Treuhand-Ges. fiir 
elektrische Gliihlampen m.b.H.). Ger. 679,916, July 27, 
1939 (March 29, 1938); VI/80b. 8.07.—Transparent 
vitreous objects with a melting point above 1500°C. are 
produced from a pulverized mixture of at least 85% alu- 
minum oxide and silicon dioxide, 1% thorium oxide, and 
2% beryllium oxide, magnesium oxide, or a mixture of 
pe The batch is sintered closely near the melting 

D.A.B. 

Shielded lug. L. A. HyLanp (Bendix Aviation 

21,550, Sept. 3, 1940 (Feb. 26, 1935); re- 
1,060,408 March 13, 1934. 

Spark plug. Mitton Beckett. U. S. 2,212,893, Aug. 
27, 1940 (May 4, 1939). C. E. Gorrersa anp A. R. 
Layer: (August R. Layer). U. S. 2,214,958, Sept. 17, 
1940 (April 24, 1939). 

Spark plug. TuLiio TocNora (Bendix Aviation Corp.). 
U. §S. 2,214,781, Sept. 17, 1940 (June 25, 1938).—In a spark 
plug, a body portion, insulating means lining the walls of 
the body portion, an insulated electrode therein, the insu- 
lated electrode being surrounded by a stack of insulating 
disks, a metallic ring having a high coefficient of expansion 
mounted between the insulated walls of the body and the 
insulated central electrode and between the insulating disks 
whereby heat expansion of the metallic ring compresses 
the insulating lining, the insulation surrounding the cen- 
tral electrode, and the stack of insulating disks. 

S plug with ceramic insulator. Orro Brrscu 
(Robert Bosch G.m.b.H.). Ger. 685,176, Nov. 16, 1939 
(Nov. 27, 1937); Ia/46c*. 60.02.—A design is given for a 
spark plug with a ceramic insulator. D.A.B 

Spark plug tem ture control. P. G. ANDRES (Bowes 
“‘Seal-Fast” Corp.). U.S. 2,212,725, Aug. 27, 1940 (Aug. 
18, 1939). 

Testing electrical insulators. Busuinc Co., Ltp., AND 
W. ‘ Brown. Brit. 524,862, Aug. 28, 1940 (Jan. 13 
1939). 

Thermionic vaives having ceramic bases. M-O VALVE 
Co., Lrp., J. RicHarps, aND G. W. WaRREN. Brit. 524,- 
815, Aug. 28, 1940 (Feb. 7, 1939). 

Water closets, etc. W. C. Groenicer. Brit. 524,423, 
Aug. 21, 1940 (Feb. 15, 1938). 


Equipment and Apparatus 


Accurate timing ee for viscosity determinations. 
E. M. Fry, Jr., AND E. L. BALDESCHWIELER. Ind. Eng. 
Chem., Anal. Ed., 12 [8] 472-73 (1940).—A method and 
apparatus for obtaining accurate timing for short intervals 
are described. The accuracy is better than +0.1% for 
intervals of 100 sec. and over. Illustrated. F.G.H. 

Better feeding means better screening. Royat E. 
Fow.e. Rock Products, 43 [3] 29-32 ( 1940).—F. describes 
the various types of feed chutes in use in rock, ones and 
cement plants. Illustrated. J.J.H 

Characteristics of cloth filters for coal dust-air mixtures. 
A. R. Mumrorp, A. A. MARKSON, AND T. Ravese. Trans. 
Amer. Soc. Mech. Engrs., 62 [4] 271-81 (1940).—The in- 
stallation, operation, and maintenance of cloth filters for 
handling vented air from pulverized-coal mills are dealt 
with. The experiences of the authors in solving problems 
in connection with the cloth-bag filter system, as used at 
the Kip’s Bay Station of the New York Steam Corporation, 
are the basis on which the subject is developed. Complete 
performance tests on a 40-ton mill installation are cited. 
Illustrated. F.G.H. 

Clinker cooling. A. W.Catiin. Rock Products, 43 [2] 
31-32 (1940). . discusses the efficiency of clinker coolers 
used in the cement industry. J.J.H. 


Constant dust-feeding device for laboratory use. C. E. 
WituiaMs AND W. P. Battista. Jour. Ind. Hyg. & Toxi- 
col., 22 [4] 152-53 (1940).—In studying dust control and 
other dust problems in the laboratory a method of intro- 
ducing dust into an air stream at constant rates is neces- 
sary. An inexpensive apparatus having a maximum 
capacity of approximately 3 Ib. per min., which has worked 
successfully with several typical industrial dusts, is de- 
scribed. The machine was designed with a capacity suf- 
ficient for loading air streams with 15 to 20 gr. of dust per 
cu. ft. in a maximum air volume of approximately 1000 
cu. ft. per min. Illustrated. E.J.V. 

Construction of portable electrical overhead systems. 
L. W. Brrcn. Mining Congr. Jour., 26 [7] 32-33 

W.D 


Flow pattern and pressure drop in cyclone dust ~ Te 
tors. C. B. SHEPHERD AND C. E. Lappie. Ind. Eng. 
Chem., 32 [9] 1246-48 (1940).—The friction loss in a cy- 
clone was observed to increase twofold when the cyclone 
inlet vane employed in the previous tests was shortened so 
that no part of it extended into the cyclone chamber. 
Spiral velocities within the cyclone reflected a correspond- 
ing increase. Velocity traverses made with an improved 
Pitot tube indicated that, for larger radii, the spiral veloc- 


1940 


ity increased approximately as the inverse square root of 
“the radius, but, at a radius of approximately one third 
that of the cyclone cylinder, the spiral velocity began to 
decrease as the radius decreased. Illustrated. See Ceram. 
Abs., 19 [2] 49 (1940). F.G.H. 
Healthy air in the workshop. Pavt MENSING. Ge- 
sundh.-Ing., 62 [47] 665-67 (1939).—The idea of healthy 
air in the workshop must be more widely accepted by the 
public. The article, which is of highest interest to employ- 
ers and contractors, shows the ways and means of replen- 
ishing the air in the workshop. Windows, airing shaft, 
mechanical airing appliances, table ventilator, ceiling 
ventilator, airing apparatus, dissipating systems, and air 
heating apparatus are discussed. W.D.K. 
Im grinding: I-III. C. D. Rucen, J. A. Krverr, 
AND R. E. Boguier. Rock Products, 43 (3) 33-34; [4] 
31-32; [5] 35-37 (1940).—Factors affecting the operation 
of grinding circuits and methods which have been used 
successfully to improve their performance are reviewed. 
Charts are included. J.J.H. 
Measuring average particle diameter of powders. Air- 
Ernest L. GoopeN AND CHARLES 
Eng. Chem., Anal. Ed.. 12 [8] 479-82 
ear fi self-calculating apparatus for the direct de- 
termination of the surface-weighted average particle 
diameter of powders has been designed and subjected to 
practical tests. It consists of a device for determining the 
average or effective particle diameter of a powder, as de- 
duced through Carman’s specific surface equation, from 
its permeability to air when the sample is formed into a 
compact bed. The operation of the device is remarkably 
convenient, simple, and economical regarding both time 
and material. The automatic calculating feature reduces 
to a minimum the work of a determination and the chances 
of making mistakes. In precision and accuracy the 
method compares favorably with the usual methods of 
granulometric analysis for powders. Illustrated. a 
F.G.H. 


Measuring temperatures. L. Louis MULDER. Ge- 
sundh.-Ing., 62 [48] 677-82 (1939).—M. describes various 
kinds of temperature measuring. The measuring of the 
temperature of solid materials, liquids, and gases and 
vapors and that of alternating temperatures are discussed. 
Practical examples are given. W.D.K. 

Meter for controlling temperature and humidityin plants. 
G. BRUCKNER AND Scumipt. Gesundh.-Ing., 62 [45] 651 
(1939).—The kinds of instruments and their possibilities 
for certain uses are discussed. W.D.K. 

Microscopic method for Portland cement in dust 
samples. Irwin A. Peart. Ind. Eng. Chem., Anal. Ed., 
12 [8] 492-93 (1940) .—Illustrated. F.G.H. 

Principles of comminution: I, Size distribution and sur- 
face calculations. R. SCHUHMANN, Jr. Amer. Inst. Minin 
Met. Engrs. Tech. Pub., No. 1189; Mining Tech., 4 (4 
11 pp. (1940).—S. gives’ the results ‘of a study of the Gau- 
din and Rosin-Rammler equations to develop a size dis- 
tribution equation that is more usable, viz., y = 100X 
(x/k)™, where y is cumulative per cent finer than x, x is 
screen size opening, k is a constant with dimensions of 
particle size, and m is a constant (the distribution modu- 
lus). A plot of log y vs. log x gives a straight line of slope 
m, and the intercept at 100% gives k. The specific surface 
of particles of size k is then calculated and multiplied by 
100m/(m — 1); a point is located with this value as ordin- 
ate and k as abscissa on log paper, and a line with slope 
(m — 1) is drawn. This line gives the specific surface of 
the particles. The linearity of the cumulative curve was 
found satisfactory on seven sets of particle size data from 
different workers which included the extremes of quartz, 
coal, and galena. This equation gives straighter curves 
than the Rosin-Rammler equation. Quartz (1 to 11/; in.) 
was crushed to */, in. in a laboratory jaw crusher and sized 
by screens and a sedimentation balance. It gave a straight 
line below 0.6 mm., which fraction has only 15% of the 
weight but over 90% of the surface. Extrapolation of the 
curve to 0.01 and 0.001 mm. shows that, with the crushed 
quartz, 80 to 85% of the surface is on particles below 400- 
mesh. W.D.F. 
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raw materials. NatuHan C. Rockwoop. 
Rock Products, 43 [8] 36-39 (1940).—R. describes and dis- 
cusses the application of various types of continuous 
weighing and batch feeders used in the cement industry. 
Illustrated. J.J.H. 
Sam cement materials. NatHan C. Rockwoop. 
Rock Products, 43 [8] 47-51 (1940).—R. describes and dis- 
cusses the use of various types of samplers used in the 
cement industry. Illustrated. J.J.H. 
Seeing with el Jean Harnincron. Sei. 
, 163, 20-22 (1940).—The electron microscope is 
closely analagous to the ordinary microscope it uses 
electrons instead of light and either magnetic or electro- 
static fields for lenses. It is possible to study such things 
as bacteria supported on a collodion film, the edge of a 
razor blade, or the surface of an electrode by the electrons 
it emits. The resolving power is much higher than that of 
the ordinary microscope but it is nowhere near the theoreti- 
cal limit. The magnetic lenses have aberrations similar 
to those of ordinary lenses, and distortion of the image 
occurs if the fields are not symmetrical, if the accelerating 
potentials (50,000 to 100,000 volts) vary a volt or two, or 
if the electrons are slowed too much when passing through 
the specimen W.D.F. 
Slurry screens reduce grinding cost. Apert E. Reep. 
Rock Products, 43 [8] 61-62 (1940).—R. describes and dis- 
cusses the application of slurry screens used in connection 
with the grinding of slurry in the cement industry. _IIlus- 
trated. J.H. 
Special connection for pormetee by e. H. 
pE Rycxer. Rev. Universe ines, 4 301 
(1938).—The accuracy of temperature measurement by 
the thermocouple is increased by compensating the error 
due to the voltage drop in the thermocouple and the leads 
by a shunt resistance. The theory of the circuit is ex- 
plained. M.H. 
Thermal stresses in cylindrical pipes. Hu.er Por- 
1rsKy. Phil. Mag., 24 [160] 209-23 (1937).—Stresses in a 
cylindrical pipe at a steady-state temperature are mathe- 
matically treated for cases where the ends of the pipe are 
and are not restricted. A complete analytic solution is 
obtained; this is made possible by the fact that tempera- 
ture itself is a harmonic function. H.H.S. 
Wear-re metals. A. Grsson. Rock 
Products, 43 |8| 28 (1940).—G. discusses the use of im- 
pact- and wear-resisting welding rods and castings for the 
various wearing parts of pulverizers and grinders. Some 
very high-priced coating materials have not proved as 
successful as the cheaper ones. This may be due to the 
fact that some coating metals which show a very high 
Brinell hardness have a tendency to spall when put in 
operation, whereas the cheaper metals seem to fuse into 
the parent metal, giving better results. Before welding 
rods are used, they are subjected to an impact test on a 
machine designed for this purpose. J.H. 


SEPARATE PUBLICATIONS 


Ore-Dressing Studies: Properties of S ion Me- 
diums for Float-and-Sink Concentrations. etallurgical 
Division Report No. 32. F. D. DEVANEY AND 
S. M. SuHetton. U.S. Bur. Mines Repts. Investigations, 
No. 3469, revised. 24 pp. Free.—The properties of sus- 
pensoids and the problems met in float-and-sink ore con- 
centration in suspension media are reviewed. R.A.H. 

Testing and —— of Respiratory Protective Devices. 
H. H. Scorenk S. Burd Mines Information Circ., 
No. 7086, 11 pp. Free.—S. describes various respiratory 
protective devices and shows how they are tested to meet 
the requirements of the Bureau’s schedules. R.A.H. 


PATENTS 
Apparatus for batch w . C. L. Harmon (C. S. 
Johnson Co.). U. S. 2,212,419, Aug. 20, 1940 (Nov. 9, 
1938). 
Bali mill. ANDREW PERENY. 
1940 (Nov. 5, 1938). 
Deaired wire-cutting press, clay cutter, etc., for —_ 
tT. 


U. S. 2,212,452, Aug. 20, 


materials. EmaNueL Dirst AND OsKaR DUrsr. 


/ 
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684,567, Nov. 9, 1939 (Jan. 28, 1938); VI/80e. 26.—A 
deaired wire-cutting press, clay cutter, etc., is provided 
with an escapement device for the passage of the plastic 
mass which serves for the regulation of the output of the 
preliminary press. It is arranged near the filling opening 
of the preliminary press, especially between the worm shaft 


and the worm screw eget of the preliminary — fq 


Deairing ere on EMANUEL DURST AND 
Oskar Dirstr. Ger 078, Nov. 16, 1939 (Dec. 6, 
1933); VI/80a. 26.—A deairing wire-cutting press has 
a preliminary press worm screw and a main press worm 
screw on a common shaft, which has an interior bushing 
for the shaft unit. The arrangement of the bushing in the 
deairing chamber is such that both faces of the bushing 
are exposed to the effect of the diminished env" " 

Drying unit for roofing tile, etc. C.Kerter&Co. Ger. 
689,801, March 14, 1 (Oct. 21, 1937); V/82a. 2.—The 
forms are placed in individual compartments having slant- 
ing side walls and provided with openings for the circula- 


tion of air. These are lowered into the drying “—ee 


t for . Davis Brown. U. §. 
2,21: 1, Sept. 3, 1940 (Oct. 24, 1939).—In a device for 
use in mixing and treating ceramic materials, the combina- 
tion of a mixer of substantially U seciion provided with a 
dome cover adjacent one end thereof, an opening in the 
side of the mixer beneath the dome cover, a longitudinally 
extending shaft in the mixer, mixing blades carried by the 
shaft, an auger element carried by the shaft under the 
dome cover, pusher elements carried by the shaft between 
the auger and the end of the mixer, the pusher elements 
being adapted to discharge material through the opening, 
a single series of horizontally and inwardly extending sta- 
tionary comb elements carried by the inner surface of the 
mixer on the side of the opening, the elements resisting up- 
ward movement of material in the mixer when the shaft is 
rotated. 

Forming ceramic bodies. H. J. Garey (N. S. Gar- 
bisch), U.S. 2,215,214, Sept. 17, 1940 (Dec. 16, 1938).— 
A process of forming a ceramic body comprises placing a 
predetermined quantity of a mixture comprising about 
75 to 80% of finely divided silica and about 15 to 25% of 
finely divided glass in a pan of substantially the same cross- 
sectional dimensions as the body to be formed and consist- 
ing of relatively thin, heat-resistant sheet metal, prelimin- 
arily heating the mixture in the pan to a temperature 
above the point of sintering of the glass but not substan- 
tially above 1700°F. to sinter the glass, putting the pan 
with the heated mixture therein in a strong mold having side 
walls defining a chamber of substantially the same cross- 
sectional dimensions as the pan and subjecting the mass 
while relatively loose and uncompacted to intense mechani- 
cal pressure in order to consolidate the material into a 
strongly coherent state, removing the pan and the pressed 
body therein from the mold, cooling them, and taking the 
body from the pan. 

Horizontal or vertical worm screw press, clay cutter, etc., 
for the working and formation of ceramic masses. Gort- 
FRIED WeLzEL (G. P. Welzel). Ger. 687,172, Dec. 28, 
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1939 (Jan. 21, 1938); VI/80e. 26. Addition to Ger. 
678,466 (‘‘Endless. . .,”” Ceram. Abs., 19 [2] 50 (1940)).—- 
A worm screw press providing for the introduction and 
working of a ceramic mass in shredded form according to 
Ger. 678,466 has the turning cylinder provided with a 
number of openings. D.A.B. 

Horizontal wire-cutting press for plastic materials such 
as clay. RicHaRD RAUPACH MASCHINENFABRIK GORLITZ 
G.m.B.H. Ger. 686,672, Dec. 21, 1939 (Aug. 12, 1935); 
VI/80a. 26. Addition to Ger. 638,477.—A horizontal 
wire-cutting press according to Ger. 638,477 has a smaller 
roller which is opposite the entrance roller and which is 
driven in the opposite direction. The joining or connecting 
gap, marked by the two rollers, between the upper and 
lower section of the deairing chamber starts at some dis- 
tance from the entrance side of the chamber. D.A.B. 

Metallurgic w apparatus. A. A. Frey ANp E. J. 
Parsons. U. S. 2,213,982, Sept. 10, 1940 (April 23, 1938). 
—A molten apparatus. 

Rotary tube furnace for firing, calcining, roasting, and 
sintering charges of ali kinds. Reinnoip Dierze. Ger. 
689,239, Feb. 22, 1940 (Dec. 4, 1936); V/80c. 14.01.— 

A rotary tube furnace for firing, etc., charges of all sorts 
has regularly spaced radiation banks in its interior, which 
are arranged one after another in a helical line in such a 
manner that they regulate the gases passing through the 
— and produce by force a twisting movement of the 
D.A.B. 

e Silicon carbide heat resistance for electric resistance 
furnaces. SIEMENS-PLANIAWERKE A.-G. FUR KOHLE- 
FABRIKATE. Ger. 684,523, Nov. 9, 1939 (June 13, 1936); 
VIIIc/21h. 15,01.—A Sic heat resistance for a heavy walled 
electrical resistance furnace has reinforced ends. These 
ends are made small in relation to the wall strength and 
are fastened at intervals into the wall by a metallic or 
graphite lead. The walling is provided with a water cool- 
ing system. D.A.B. 

Sintering machine. R. W. Hype anv R. D. Pixs. 
U. S. 2,213,396, Sept. 3, 1940 (Sept. 14, 1939). 

ERDMANN Voct (Richard Raupach 
Maschinenfabrik Gérlitz G.m.b.H.). Ger. 686,673, Dec. 
21, 1939 (May 24, 1938); VI/80e. 28.—In a wire-cutting 
press, the die for forming holes in material passing through 
the wire cutter is automatically centered; the die is fas- 
tened to the end of the worm screw shaft by means of a 
long thin rod and a special joint for the rod. The die is 
rigidly fixed onto the rod, and the rod is fastened loosely 
to the end of the worm screw shaft by means of a ball 
bearing joint. D.A.B. 

Worm press for sha; ceramic charges. G. P. WeL- 
zEL. Ger. 684,045, Nov. 2, 1939 (May 9, 1936); VI/80c. 
26.—-A press for fashioning ceramic charges has a mixing 
and prepressing worm above the main press. The pre- 
pressing worm extends over almost the entire length of th the 
main pressing worm, and the charge is introduced to the 
main pressing worm by means of a common filling tube 
opposed to the feeding direction of the main worm and is 
fed into.a chamber fixed at the far end of the main worm 
through a mouthpiece with a separating unit of thin disks, 
etc.; this chamber serves as the deairing chamber. 

D.A.B. 


Kilns, Furnaces, Fuels, and Combustion 


Application of heat transfer data to furnace walls and 

F. A. FAVILLE AND GEORGE ELLERTON, Jr. Jron 

& Steel Engr., 16 [10] 60-68 (1939).—Graphical charts are 

given to facilitate the calculation and checking < ae 
losses through walls. 

Conditioning heavy fuel oil. J. H. in” Tad. 
Heating, 7 [2] 132-34 (1940).—With the continuous prog- 
ress in refining raw oil the residues used as fuel oil have 
become heavier, leaving much sludge in the storage tanks 
and causing trouble in the piping system and burners. H. 
describes the Volcanic Oil Mill which has a rotary pump 


which conditions oil and sludge by breaking it up into fine 
particles in attrition chambers in the pump before going 
into the piping system; this eliminates burner trouble and 
also frequent and costly tank cleaning. The combustion is 
more perfect and does not leave a smudge on checkers or 
refractory parts. Mills capable of processing 6000 gal. 
per hr. of heavy fuel oil have been installed. M.H. 
Controlled atmospheres for modern furnaces. H. M. 
Heyn. Ind. Heating, 7 [8] 683-88, 692 (1940).—H. dis- 
cusses the various processes of heat-treating metals in 
definite atmospheres, defines terms applied for different 


Dy 
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processes, and describes gases used and their production. 
The gases most used for protective atmospheres are as 
follows: 


Type of as constituents (%) 
atmosphere gas Os co.” ‘CO H: CH: H:O 
DX-gas, lean, 40°F. 
dew point 010.5 1.5 1.20 0.8 86.0 
DX-gas, rich, 40°F. 
dew point 0 5 10.5 12.5 0.5 0.8 70.7 


Girbotrol, DX-gas 0 0 151.20 0 97.3 
CG-gas produced at 

1800°F. 0 0.2 20.5 36.03.80 39.5 
Char-gas produced at 

1800°F. 0 0.1 34.0 8.00.30 57.6 
Charmo-gas produced 

at 2800°F. 00 2.50 O 65.8 
Dissociated ammonia 0 0 


As an atmosphere, a DX gas (lean) is satisfactory for most 
nonferrous metals, and when it is dried to a 40°F. dew 
point it will bright anneal low C steel. Rich DX gas can 
be used for annealing and hardening medium C steels 
when the cycle of heat treatment is not more than about 
30 min. CG or cracked gas carburizes low and medium C 
steels and can be used for annealing the higher C steels. 
It can also be used as an atmosphere for clean hardening 
medium and high C steels. An atmosphere correctly made 
from charcoal is carburizing and can successfully be em- 
ployed for clean hardening and bright annealing medium 
and high C steels. N gas, being inert, is suitable for clean 
hardening and bright annealing medium and high C steels 
but, as it reacts very quickly with air and other gases, great 
care must be taken in its application. M.H. 

Development of a laboratory continuous kiln. C. H. 
Commons, Jr., AND E. E. Kunzman. Bull. Amer. Ceram. 
Soc., 19 (9] 331-33 (1940). 

Effect of coal characteristics on pulverized-coal firing. 
Oxuison Craic. Mech. Eng., 62 [6] 452-54 (1940).— 
Properties affecting the burning of coal in pulverized form 
are (1) volatile matter, (2) fixed carbon, (3) agglutination, 
(4) swelling, (5) ash, (6) ash-fusion temperature, (7) 
moisture, (8) sulfur, and (9) grindability. The manner in 
which these coal properties affect carbon loss, excess air, 
and slag is discussed in detail. The effects of the design of 
the furnace, the design of the burners, and the characteris- 
tics of the pulverizer are described briefly. Results obtained 
from pulverized-coal firing are given. F.G.H. 

Heat loss in enameling and glassmelting furnaces. 
Orto T. Koritnic. Glashiitte, 70 [21] 265-67 (1940).— 
Heat losses vary with different kinds of furnace construc- 
tion and different types of ware. In enameling metal it is 
important to know whether the metal has been cast or 
rolled because of the necessity of regulating the firing time 
and temperature to avoid heat losses from incorrect firing. 
Definite heat losses also occur in furnaces for firiag glass 
(pot and tank), annealing furnaces, and gas generators. 
Heat losses from conduction, radiation, convection, and 
escape occur at the heat source, in conduit, and at the place 
of use and reduce the thermal efficiency of the plant. Only 
a fraction of the heat produced is used for actually fusing 
the charge, and it is conditioned by the construction of the 
furnace, method of operation from a heat technical stand- 
point, and the degree of care exercised in tending the 
furnace. The heat loss from (1) walls, (2) waste gases, 
(3) tending the furnace, and (4) residual losses can 
analyzed. (1) Heat losses from the walls occur because 
the hot gases heat not only the charge but also the entire 
interior of the furnace; although some of the heat is re- 
flected from the masonry onto the charge, a large part 
penetrates deep into the masonry and may pass through it 
entirely, especially the crown. Poor insulation of the 
masonry causes great heat loss, especially in single furnaces. 
To investigate the loss of heat from the walls, holes are 
bored in the masonry at different depths, thermoelements 
are inserted, and the temperature is measured. If 4, = 
initial temperature of masonry at the beginning of firing, 
t, = average temperature at the end of firing, G = weight 


of masonry (calculated from the furnace dimensions), 
and c = average specific heat of the masonry, then the 
heat stored in the masonry, Q;, equals G X ¢ X (t, — ts) 
Cal. According to Langmuir’s equation, the heat loss by 
radiation from the exterior of the furnace, Qe equals 
0.838 X (T, — T,)*/« Cal./sq. m./hr., where 7, = tem- 
perature of the outer air and 7, = temperature of the 
furnace wall. The value for Q; can be ascertained from the 
law of Stefan-Boltzmann: Q’; = n X C, X (T,* — 
T.*) Cal./sq. m./hr., where n = absorption ratio, C, = 
radiation constant, and 7, and 7, = the same as above. 
Q, and Q’, should show fairly equal values. How far the 
heat can penetrate perceptibly can be determined empiri- 
cally. The depth of this penetration depends on the dura- 
tion of firing, the temperature in the firing chamber, the 
composition of the masonry, and the ratio of the thickness 
of the walls to the depth of penetration. If the material 
of the wall prevents the heat from passing to the exterior, 
heat is lost by accumulation in the walls, radiation, and 
convection. The quantity of heat lost in this way can be 
calculated by heat conductivity figures. If the tempera- 
ture in the surface masonry is difficult to ascertain, by 
committing a small error the quantity of heat can be 
placed in proportion to the difference in temperature be- 
tween the furnace wall and the air: =r X (t, — &) 
Cal./sq. m./hr., where } = the total heat transfer figure 
for radiation and convection. The values for \ can be 
taken from the following table (Mit. Wdarmestelle Ver. 
Deut. Eisenhiittenleute, No. 51, p. 15): 


Outer surface 
temperature of wall 


Total heat transfer figure for vertical 
or horizontal walls 


(Cal./sq. m./hr.) 
10 7.4 
25 8.6 
40 9.6 
60 10.9 
80 11.6 
100 12.4 
130 13.8 
160 15.2 
200 17.4 
240 19.3 
280 21.4 
320 24.1 
350 26.1 
400 29.8 


Since these figures are applicable only for 4. temperatures 
which lie between —10° and +-10°, they are not applicable 
for annealing in intervals of more than 30°C.; in the latter 
case A is higher. The use of the table is illustrated: 
temperature of the furnace wall, ¢,, = 60°, temperature 
of the outer air, 44, = 16°; the quantity of heat given off in 
1 hr. by 1 sq. m. by radiation and convection is calculated 
as 0 = 10.9 X (60 — 16) = 480 Cal. The heat lost by the 
wall can be reduced considerably by good insulation. (2) 
The loss of heat from waste gases occurs when heat is 
drawn off with the gases from the firing chamber and when 
the heat value of the combustion gases is not entirely con- 
sumed in the firing chamber. The perceptible quantity of 
heat is calculated: W = R X c X (ta — tz) Cal. for 1 kg. 
fuel, where R = volume of gas for 1 kg. fuel, and ¢ = aver- 
age specific heat of the gas between the temperature (4 
of the waste gas and ?¢, of the air for combustion; c can 
best be taken from tables in technical handbooks. Heat 
loss from waste gases can be greatly reduced by utilizing 
the waste gases fo or preheating unfired ware. (3) Service 
losses in operation of the furnace may be due to incom- 
pletely burned solid fuel which is thrown away or to the 
use of more fuel than is required for proper functioning and 
regulation of the furnace. Cracks in the furnace ma- 
sonry or chimney and too strong a draft also cause service 
losses. (4) If the quantity of heat losses from walls, waste 
gases, and furnace operation are added together, the result 
rarely equals 100% of the heat produced; there is always 
a difference which is called the residual loss and includes 
all losses not covered by tests, e.g., heat loss through the 
furnace flooring, in flying ashes, etc. M.V.C. 
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Improved setting of annular kilns. O. Scu. Tonind.- 
Zig., 63 (3] 25-27 (1939).—S. discusses a new method of 
setting brick which decreases the resistance to movement 
of the fire gases and provides for a better wpe of the 

K. 


coal through th the kiln. 
Modern protective gases for electric-furnace operation 
and directions for preparing them. G.Smion. Tech. Z. 
prakt. Metallbearbeitung, 49, 379-82 (1939); Chem. Abs., 
4993 (1940). 

diation of furnace gases. A. Scnacx. Arch. Eisen- 
hiittenwesen, 13 [6| 241-48 (1939).—The published data 
of other investigators were used as the basis of formulas 
for CO, and H,O vapor radiation. The CO, radiation can 


T\* 
be expressed as gco, = 3.5 VP5(im Cal./m.*hr., where 


partial pressure and s is the thickness of the gas layer. 
‘or water vapor the formula becomes gu,.0 = 35 X p** X 


3 
s® “(i) . They can be used safely for the determination 
of gas radiation up to450°C. The radiation of nonlumines- 
cent flame is the same as that of corresponding amounts of 
CO, and H,O vapor after the completion of the reaction, 
under similar conditions. Flame reactions do not increase 
the total amount of radiation. Hydrocarbon gases have a 
pronounced radiating power; carbon monoxide has less, 
while oxygen and nitrogen do not have any. Radiations 
of CO, and H,O vapor follow different laws. The heat 
transfer of gases containing little carbon dioxide and much 
water vapor is pronouncedly greater than that of gases in 
which little water vapor is associated with much carbon 
dioxide. J.D.G. 
Relation between the gee of graphitized elec- 
trodes and their cle size. S. MAKSIMENKO AND 
M.S. Vavitov. Tsvetnye Matally. 1939, No. 8, pp. 62-68. 
—The effect of grain size on the mechanical strength, elec- 
tric resistance, porosity, and stability of graphitized elec- 
trodes was studied with two groups of samples prepared 
from the following grain sizes: (1) 1 to 0.5, 0.5 to 0.15, 
and 0.15 to 0 mm. and (2) 0.5 to 0.15, 0.15 to 0.075, and 
0.075 to 0 mm. The following conclusions were drawn: 
(1) there is no relationship between the specific gravity 
of the dry component of the electrode material and the 
properties of the electrodes; (2) increasing the fines in the 
mixture increases the mechanical strength of the elec- 
trod es and decreases the electrical resistance and the poros- 
ity; (3) the oxidizability increases with increasing fines in 
the mixture; and (4) electrodes prepared from coke grains 
of 1 mm. maximum size had lower mechanical strength and 
higher electrical resistance and porosity than those pre- 
pared from coke grains of 0.5 mm. maximum size. The 
effect of the granulometric composition on the mechanical 
strength will be reported in a following paper. A litera- 
ture review with twenty references is included. 
B.Z.K. 
Resistance heating units, their selection and application. 
M. M. Greer. Product Eng., 11 [8] 351-53; [9] 414-16 


Vol. 19, No. 11 


(1940).—G. describes the different types and forms of 
heating by electric resistances and discusses the factors 
to be considered in selecting the units for a definite pur- 
pose. The conditions affecting ratings and the life of 
heating units are illustrated in curves and diagrams; 
permissible watts for immersion heaters for heating various 
liquids are as follows: 


Watts/sq. in. 
Approximate surface of 
Material temperature (°F.) heater 
Water, occasional or 
intermittent 212 maximum 40-60 
Water, continuous 212 28-35 
Oil, circulating 100-400 20-25 
Oil, noncirculating 100-400 16-20 
Lead 650-800 14-16 
Molten salts 600-950 10-15 
Asphalt-tar 200-600 6-8 
Molasses 120 4 
Glue 150 Should not 


be 
heated directly; 
a water bath 
should be used. 


General directions for installation and wiring diagrams are 
given. M.H. 

Stoker firing of kilns. J. E. Martin. Bull. Amer. 
Ceram. Soc., 19 [9] 334-35 (1940). 


SEPARATE PUBLICATION 


Large-Scale Tests of the Explosibility of Coal Dusts 
Made in the U. S. and Great Britain. H. P. GREENWALD. 
U. S. Bur. Mines Repts. Investigations, No. 3462, 9 pp. 
Free.—G. points out to what extent the divergent ‘results 
obtained have been correlated. R.A.H. 


PATENTS 


Electrical heating element with metallic heat conductor 
and ceramic protective covering. SrmMENS-SCHUCKERT- 
WERKE A.-G. Ger. 655,006, Dec. 16, 1937 (Sept. 4, 1936); 
VIlIc/21h. 2.01. REICHMANN (Siemens- 
Schuckertwerke A.-G.). Ger. 684,656, Nov. 9, 1939 
(March 24, 1937); VIIIc/21h. 2.02.—Ger. 655,006 pro- 
vides that materials which cause O, to combine with them 
at high temperatures or which split off gases that will 
combine with O, be placed in the intermediate chamber 
between the metallic heat conductor and the ceramic 
protective covering, there being a gap between the covering 
and introduced materials. Ger. 684,656 provides that only 
a fraction of the space remain empty between the heat 
conductor and the protective covering or that a correspond- 
ing larger space communicating with the protective space 
be filled with the materials capable of reacting with O, 
or materials splitting off gases which combine — 
with Oy». D.A.B 


Geology 


Barite deposits in northern Nevada. VINcENT P. 
GIANELLA. Amer. Inst. Mining Met. Engrs. Tech. Pub., 
No. 1200; Mining Tech., 4 [4)] 6 pp. (1940).—Barite is 
produced in nine of seventeen counties; the most im- 
portant production is in the northern part of the state. 
G. describes occurrences in Lander, Eureka, and Elko 
counties. Barite occurs in veins with some sulfides and as 
replacement deposits in limestone. At Eagleville, Churchill 
Co., there is a 3-ft. vein in volcanics. Near Argenta, Lan- 
der Co., a bed 80 ft. wide on the outcrop and dipping 30° 
has replaced limestone. Near Hilltop a quartz and barite 
vein occurs. Near Simon Creek in Eureka Co. barite occurs 
in seams and veins in a limestone deposit, and there are 
many other wide veins in the same neighborhood. Near 
Corlin a 10 ft. vein is mined. The veins are probably of 
hydrothermal origin and range from Jurassic “7s Ter- 


tiary. D.F. 


Bauxite in world economics. E.Scuuren. Metallwirt- 
schaft, 19 [11j 209-12 (1940).—The ever-increasing im- 
portance of light metals in the last few years, particularly 
of Al and its alloys, necessitates a comprehensive survey of 
the deposits, richness, geographical distribution, and pro- 
duction of bauxite minerals. The largest deposits so 
far known are in the British Gold Coast Colony; the next 
largest are in Hungary, Yugoslavia, and British Guiana. 
Tables are given which show world production from 1929 
to 1937; it amounted to 2141 long tons in 1929 and 3730 
in 1937. Europe produced about ?/; and the U. S. about 
1/; of the total. S. discusses the economic conditions from 
the viewpoint of the present political conditions; the pro- 
duction and consumption conditions in Great Britain, 
Canada, and the U. S. are treated in particular. M.H. 

Clay deposits of California. W. F. Dierricw. Bull. 
Amer. Ceram. Soc., 19 [9] 340-44 (1940). 
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Color reactions between clays and amines. FE. A. 
HAUSER AND M. i3. Leccetr. Jour. Amer. Chem. Soc., 
62 [7] 1811-14 (1940).—The formation of colored com- 
pounds on clay is the result of a reaction between clay 
and aromatic amines. The influence of various substitu- 
ents, acid and basic, is discussed. A preliminary hypothe- 
sis explaining the mechanism of the reaction is advanced. 
Illustrated. F.G.H. 

Geology and world deposits of chromium minerals. J. 
Harroy. Rev. Universelle Mines, 15 [6] 290-304 (1939). 
—H. gives a comprehensive review and survey of the 
geology, petrography, and geographical and stratigraphi- 
cal distribution of Cr-bearing ores. The metal exists in 
the form Cr,O; in ultrabasic rocks, in basic, neutral, and 
acid (syenite and granite) rocks, and in rocks of later 
geological periods; the latter contain only 0.5% and 
porphyries only 0.01% Cr,O;. There are 55 known types of 
Cr minerals; of these, however, only a few silicates of 
magmatic or secondary hypogenous origin and chromates 
are of commercial importance. A table gives the chemical 
composition of the most important ore deposits which are 
in Norway, Yugoslavia, Greece, Russia, Turkey, British 
India, Southern Rhodesia, Transvaal, Sierra Leone, Cuba, 
Brazil, and the U. S. (California). The statistics of world 
production are included. Untouched Cr deposits are 
estimated at 825 million tons. M.H. 

Hydration mechanism of the clay mineral montmoril- 
lonite saturated with various cations. S. B. HenpRIcKs, 
R. A. NELSON, AND L. T. ALEXANDER. Jour. Amer. 
Chem. Soc., 62 (6) 1457-64 (1940).—The hydrous mag- 
nesium aluminum silicate mineral montmorillonite, be- 
cause of its unusual properties and widespread occurrence 
in clays and soils, has attracted the attention of workers in 
many fields. It is extremely plastic when moist and can be 
dispersed in water, readily forming thixotropic gels at 
moderate concentrations. The dispersed material re- 
organizes upon drying, forming a crystalline material, one 
lattice constant of which depends upon the humidity. 
Montmorillonite is a salt of a moderately strong acid from 
which other salts and the free acid can be prepared by 
cation replacement, i.e., base exchange. It strongly ab- 
sorbs bases with the formation of the corresponding salts 
and also shows marked adsorption in the case of neutral 
organic compounds, which is the basis for its use as a clari- 
fying agent. Many reactions are catalyzed by montmoril- 
lonite. The study of montmorillonite as a base-exchange 
complex has come about largely because it is a component 
of many soils showing high base-exchange capacity. For 
a number of years the authors have been interested in the 
identification and structures of minerals present in clays. 
During the course of this work it became evident that a 
study of water sorption by the various salts of montmoril- 
lonite probably would go far toward determining the en- 
vironment of the replaceable cation. The material is one 
of the few in which sorption can be followed by means of 
lattice changes. The water sorptions at relative humidi- 
ties between 5 and 90% were measured for Li*, Na*, 
K*, Cst, Mg**, Ca**, Sr**, and Ba** salts as well as 
for the free acid of montmorillonite. Variations in X-ray 
diffraction patterns and behaviors upon differential ther- 
mal analyses were determined for the materials at the 
various relative humidities. Results obtained indicate 
that the exchangeable cations are located between the 
silicate layers of which the mineral is formed. In the 
magnesium and alkaline-earth salts, the first step of water 
sorption is the hydration of the cation with six molecules 
of water which is followed by completion of a water layer 
having a hexagonal type structure. A second water layer 
of similar structure is taken up at high relative humidities. 
Similar results were obtained for the lithium salt except 
that only three molecules of water were required for the 
hydration of the lithium ion. In sodium, potassium, and 
cesium salts the cation apparently was not hydrated. 
This was also true for the hydrogen ion in the clay acid. 
The methods used in the work, although inexact, give a 
clear picture of the sorption process for water which is 
entirely different from van der Waals’ process for the ad- 
sorption of gases such as nitrogen. Illustrated. F.G.H. 
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Hydrothermal reactions. Magnesium hydrosilicates. 
W. JANDER AND R. Fert. Z. Anorg. & Allgem. Chem., 242 
[2] 145-60 (1939).—The synthesis of talc and serpentine was 
studied up to 600°C. Both compounds were prepared 
at 300°C. but the reaction velocity was very slow. Ac- 
cording to the genesis in nature it is not unreasonable to 
suppose that the formation is possible at still lower tem- 
peratures. In the system MgO-SiO,-H,0O, from 300° to 
600°C. and at higher pressures, these two compounds only 
appear, and a simple phase diagram results. Between 100 
and 60% MgO, Mg(OH); and serpentine appear; between 
60 and 42% MgO, serpentine and talc exist; and at smaller 
quantities of MgO, talc and SiO, appear. Between 69 and 
76% MgO, the humite territory is indicated in the phase 
diagram by dotted lines. This arises hydrothermally only 
between 360° and 600°C. when, at times, a certain quantity 
of fluorine is present. Anthophyllite and meerschaum do 
not form under these conditions. The above results apply 
only to high pressures. Using the molar proportions of 
serpentine at steam pressure, the magnesium orthosilicate 
forsterite, instead of serpentine, is prepared. This investi- 
gation shows a decided temperature-pressure relationship 
in the formation of the orthosilicate or serpentine so that 
the equilibrium 2(3MgO-2Si0,-2H,O) — 3Mg,SiOQ, + 
SiO, + 2H,O may be determined from the synthetic path. 
The temperature-pressure curve obeys the Arrhenius equa- 
tion, i.e., log pressure is inversely proportional to the ab- 
solute temperature. The heat of reaction is about 18 Cal. 
per mole H,O, a value that is not so accurate but lies in the 
range of probability. As yet the equilibrium of talc-Mg 
metasilicate has not been observed. The reaction lies 
outside the investigated temperature-pressure range. 
Magnesium orthosilicate can be formed from the com- 
ponents under a steam pressure of 35 kgm. per sq. cm. at 
360°C. R.K. 

Improve physical properties of clays by controlling pH 
values. H.G. Scuurecut. Brick & Clay Record, 94 |3] 
18-21 (1939).—Practically any clay body may be im- 
proved in its physical properties by adjusting the alkalinity 
or acidity of the raw material. Alkalis, when added to 
clay bodies, cause deflocculation, and the addition of acids 
will cause the opposite effect, known as flocculation. The 
addition of small amounts of alkalis to plastic clays pro- 
duced remarkable changes in their properties, such as in- 
creased dry and fired strengths, greater plasticity, denser 
bodies, less cracking, less shrinkage, etc. The pH value 
shows the acidic or basic intensity of a clay. Tests con- 
ducted on sewer-pipe bodies with and without soda ash 
showed that the addition of 0.5% soda ash decreased the 
absorption of the pipe to a marked extent, while the addi- 
tion of 1% increased the absorption. The addition of 
sodium hydroxide, another compound which increases pH 
values, to graphite-crucible bodies containing Dorset 
bond clay spoiled the working properties of the bodies; 
the addition of the same electrolyte to bodies containing 
Mississippi bond clay improved their moldability. Small 
additions of sodium hydroxide to bodies containing Dorset 
clay decreased the dry transverse strength, but where 
larger percentages were used, the opposite was true. The 
addition of sodium hydroxide increased the strength of 
the body containing Mississippi clay. Small amounts of 
hydrochloric acid made the body containing Dorset clay 
more open, while larger percentages made the body less 
porous. Sodium hydroxide made this same body less 
porous. Small amounts of sodium hydroxide decreased 
the porosity of the Mississippi clay body, while larger per- 

centages increased it. The difference in behavior of the 
Dorset and Mississippi bond clays is apparently due to a 
difference in their initial pH values. A plastic fire clay, a 
semiplastic fire clay, and a flint fire clay were investigated. 
The dry strength of these clays was increased greatly by 
grinding in a wet pan with the addition of 1% sodium hy- 
droxide. The plasticity of all the clays investigated was 
increased by wet grinding, screening, and the addition of 


1% dextrine. The addition of 1% sodium hydroxide 
caused the clays to become tougher in the plastic condi- 
tion, but they did not possess as good plasticity for mold- 
ing. 


Clays which chemical treatment will not improve 
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can be determined by a series of tests. The best pH value 
varies for different clays. According to Barker and Truog 
(Jour. Amer. Ceram. Soc., 22 [9] 308-12 (1939)) the best 

pH ranges between 6 and 8.5 for acid clays and between 
7.3 and 10.5 for nonacid clays. A chart gives recommenda- 
tions for the addition of electrolytes in pH control. 


J.J.H. 
Kaolin its of Santa Severa. De Cari. Ind. 
Mineraria, No. 9, pp. 372-87 (1939); abstracted in Centro 


Studi Ceram. Biblio woprafe. 1940, p. 2.—Geological data on 
the two deposits Santa Severa are given. Crystallo- 
graphical examination of the powder from one of the de- 
posits (Eri) showed that the principal impurity is quartz; 
chemical analysis showed an alumina content of 19.63%. 
The plasticity of this kaolin is measured and is compared 
with taat of English kaolin. This kaolin, when refined, 
can be used in pastes for faience, in the production of grog 
for refractories, and for filler in paper. Chemical analysis 
of the crude material from the second deposit (Sassone) 
showed an alumina content of 16.41% which is increased 
to 32.64% after washing. After firing, both kaolins had the 
same geological constitution. These deposits 


im 

the interaction of clays and soils with 
I. N. Antrpov-Karataev, S. P. Onatsxil, 
anp V. A. CHERNOV. Trudy Pochvennogo Inst. Doku- 
chaeva, 20, 5-32 (1939); Chem. Abs., 34, 4844 (1940).—The 
mass law equation was applied in the study of ion exchange 
in soils and clays by keeping constant the ionic concentra- 
tion of the electrolytes. A linear relation between the pH 
and the magnitude of base exchange was established. 
Extensive data, in the form of tables and 25 graphs, are 
presented on the relation of the exchangeable cations H, 
Li, Sr, Ca, Mg, K, and Na and the stability of soil and clay 
suspensions. The moisture relationships of the clays, 
sedimentation, filtration, suction force, and drying proper- 
ties as affected by electrolytes were extensively investi- 


gated. 

——_ changes of whiteware clays and bodies during 
initial heating, with supplementary data on mica. R. F. 
GELLER AND E. N. Buntinc. Jour. Research Nat. Bur. 
Standards, 25 [1] 15-40 (1940); RP 1311.—Length 
changes of 9 kaolins, 4 ball clays, and 3 whiteware bodies 
were observed during their initial heating to a maximum 
temperature of 1250°C. The apparatus used was an es- 
pecially designed porcelain dilatometer. Differential 
heating curves for two clays and the specific gravity and 
weight losses of mica after holding at several temperatures 
were obtained as supplementary data. Primary kaolins 
and ball clays show less contraction between 500° and 
900°C. than do the secondary kaolins. The contraction 
(about 3% in a relatively pure clay) and the mica content 
show a sufficiently close relation to indicate strongly that 
the mica content, rather than geological history or particle- 
size distribution, is the predominating factor determining 
length change in this temperature range. The contraction 
between 900° and 1000°C. is believed to be caused by the 
crystallization of amorphous alumina, resulting from the 
breakdown of the kaolinite molecule, to gamma-alumina. 
The data show a direct relation between the amount of 
this contraction and the calculated amount of alumina 
contributed by kaolinite. The very rapid contraction ac- 
companying vitrification, beginning at about 1050°C. in 
ball clays and 1100°C. in kaolins, varied from about 6% 
of the original length for primary kaolins to 12% for a 
secondary ball kaolin. Particle size appears to be the 
principal factor determining this contraction. Changes in 
length of the bodies in the range from room temperature 
to 1000°C. were gradual, and the maximum change (ex- 
pansion) was 0.8% of the original length. Above 1000°C. 
the rate of change (contraction) increased rapidly. The 
maximum rate noted was 0.3% per min. for a talcose body 
on a 9-hr. schedule in the temperature range 1135° to 
1170°C. Based on unit temperature rise, the maximum 
length change noted was 0.13% per 1°C. for the same 
body during a 24-hr. schedule in the temperature range 
1100° to 1150°C. In every test of a body (or of an indi- 
vidual clay) the shrinkage per unit temperature rise during 
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the first stages of the final rapid contraction was greater 
on the 24-hr. schedule than on the 9-hr. schedule. In some 
cases the shrinkage rate decreased more on the long sched- 
ule, during the last 25° to 50° of temperature rise and the 
“rst 50° to 100° of cooling, than on the shorter schedule. 
«is a result, the shrinkage during the shorter schedule 
forged ahead with the result that the total shrinkage during 
the shorter schedule was greater than that during the longer 
schedule. R.A.H. 
Refractory materials of the Ak-tash deposits. A. S. 
Bazitevicn. Ogneupory, 8 [1] 53-57 (1940).—Results 
of the technological study of large deposits of alunite, 
agalmatolite, kaolinite, and diaspore are discussed. 


M.V.C. 
Serpentinites from Beden, a raw material base for the 
industry located in South Russia. N. E. Erremov. 
Ogneupory,7 [12] 764-68 (1939) —E. gives a geological and 
microscopical description of serpentine deposits. These 
serpentinites can be used as raw material for the manu- 
facture of forsterite refractories. M.V.C. 
Silicate minerals: zeolites, their use. V. CHARRIN. 
Verre & Silicates Ind., 11 [3] 35-36 (1940).—Zeolites may 
be considered either hydrosilicates of alumina and a pro- 
toxide, such as lime, soda, potash, baryta or strontia, or a 
hydrated feldspar, an unstable transition mineral between 
feldspar and kaolin (before the alkalis have disappeared). 
Zeolites are characterized by their great fusibility ac- 
companied by bubbling (the word zeolite is derived from 
sein, to boil, and /ithos, stone), low density (2 to 2.3), 
easy cleavage, and weak refractivity and birefringence; 
it is easily attacked by acids with the production of gelat- 
inous or pulverulent silica and is generally colorless or 
white. Zeolites can be considered secondary products of a 
great number of volcanic and eruptive rocks. The varie- 
ties of zeolites are distinguished by the degree of hydration 
of the original feldspar and by the form of their crystals; 
they include (1) scolecite, CaO-Al,O;-3SiO, + 3H,0O; 
(2) natrolite, Na,O-Al,O;-3SiO, + 3H,O; (3) analcime, 
Na,O-Al,O;-3SiO; + 2H,O; (4) chabasite, (CaNa,)O-- 
Al,O;-4SiO, + 6H,0; (5) stilbite, (CaNa,)O-Al,0,;-- 
6SiO, + 2H,0; (6) phillipsite, 
+ 4H,0, potassium zeolite; (7) thomsonite, (CaNa,;)O-- 
Al,O;-2SiO, + 2H;0, a variety of chabasite; (8) harmo- 
tome, (K,;Ba)O-Al,0;-5SiO, + H;O; (9) heulandite, 
CaO -Al,O;-6SiO, + 2H,0, a variety of scolecite in which 
strontia may replace part of the lime; and (10) apophyl- 
lite, (Ca-K,O)-6SiO, + H,O, zeolite without aluminum. 
Glauconite, though not a zeolite in the strict sense of the 
term, is sometimes included in the list. Zeolites are better 
adsorbents than fuller’s earth. Artificial zeolites are made 
by mixing solutions of aluminate of soda and silicate of 
soda and the addition of other mineral salts; they are 
always amorphous and are white or gray; they occur in 
ins of 0.5 to 2mm. See ‘‘Zeolites,’’ Ceram. Abs., 19 [5] 
125 (1940). M.V.C. 
Stability of silica hydrates of definite composition. R. 
Spycuatski. Z. Anorg. & Aligem. Chem., 239 [3] 317-20 
(1938).—Hydrates of silica free of electrolytes can be 
prepared by hydrolysis of the ethyl ester of orthosilicic 
acid (Si(OC,H;),). From the vapor tension-water content 
isotherm, the following hydrates have been proved to 
exist: SiO,-0.5H,O, SiO,-1.0H,O, SiO,-1.5H,0, SiO,-- 
2.0H,0, and SiO,-2.5H,O. SiO,-0.5H,O was found at 
15°C. and the others were found at 30°C. The individual 
hydrates can be prepared without difficulty. The ma- 
terial was investigated when it was 8 and 10 months old. 
Aging increases the stability of the hydrates. The solu- 
bility of the hydrates in water is given in a table; it de- 
creases with increasing water content. Ww .K. 
Study of soils: XXII, Necessity for specifying that which 
is called “clay.” J. CLARENS AND J. Lacrorx. Bull. Soc. 
Chim., Mem., [5;6, 979-83 (1939).—The word “clay” 
is used by the agriculturist in one sense and the mineralo- 
gist in another sense. To avoid confusion, the authors 
propose that “‘agragile’’ be used in French literature for 
“clay”’ having the agricultural sense and that the regular 
word “‘argile” be used for ‘‘clay’”’ in the mineralogical 
sense. D.A.B. 


hi 
|| 
| 
q 


1940 


Treatment of leucitic and other aluminous minerals with 
acids. G. A. BLANC AND F. JourDAN. Affi X° congr. 
a“. chim., 1938, 4, 7-8; Brit. Chem. & Phys. Abs.-B, 

59 [7] 524 (1940). —Under appropriate conditions, Fe and 
Si are removed from the liquors by adsorption as hydrox- 
ides on the insoluble matter. 
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Beneficiation of Boron Minerals. Divi- 
sion Progress Report No. 40. Beneficiation of Min- 
erals by Flotation as Boric Oxide. R. G. KNicKER- 
BOCKER AND F. K. Sue.ton. Production of Calcium 
Borate from Colemanite by Carbonic Acid Leach. R. G. 
KNICKERBOCKER, A. L. Fox, anp L. A. Yerkes. U. S. 
Bur. Mines Repts. Investigations, No. 3525, 18 pp. Free.— 
The results obtained in these two investigations are given. 


Bentonite: Its Properties, Mining, Preparation, and 
Utilization. C. W. Davis anp H. C. Vacuer. Revised by 
Joun E. Contey. U. S. Bur. Mines Tech. Paper, No. 
609, 83 pp. Govt. Printing Office, Washington, D. C. 
Price 15¢.—This revision of Tech. Paper No. 438 covers 
an investigation undertaken to add to the general informa- 
tion on the properties and uses of bentonite. It includes a 
brief compilation of the geologic and geographic occur- 
rences, a study and discussion of different samples of 
bentonite-like material, and a compilation of the known 
and suggested uses, including a list of the U. S. _ 
literature. R.A.H, 

Charts for the Analysis of Minerals by X-rays (Nomo- 
gramme zum Mineral Bestimmen mit Réntgenstrahlen). 
M. Meumec. Verlag der Deutschen Mineralogischer 
Gesellschaft e.V. through the Verlagbuchhandlung Gustav 
Fischer, Jena, 1939. Reviewed in Jour. Amer. Chem. Soc., 
62 [2] 459 (1940).—The identification of crystalline com- 
pounds by means of their X-ray powder diffraction pat- 
terns has potential possibilities which have not yet been 
fully utilized. The recent tables of Hanawalt, Rinn, and 
Frevel (Ind. Eng. Chem., Anal. Ed., 10, 475 (1938)), giving 
the spacings and relative intensities for 1000 compounds, 
represent the first big step toward making X-ray identifica- 
tion a practical working method. M.’s charts are essen- 
tially supplementary to data such as those given in the 
Hanawalt tables. The charts give the diffraction dia- 
grams for 17 minerals of interest in sedimentary petrog- 
raphy (quartz, calcite, clays, feldspar, etc.). Each pat- 
tern is represented by a series of vertical lines, the height 
of a line giving the intensity and the lines being plotted 
against log sin @ as abscissa. For each mineral there are 
three charts corresponding to Cu, Fe, and Cr radiation. 
As the charts give a direct picture of the diffraction pat- 
tern, they are a useful supplement to tabulated spacing 
data. F.G.H. 

Chromite. Rosert H. Ripcway. Preprint from U. S. 
Bur. Mines Minerals Yearbook. 1940. 14 pp. Govt. 
Printing Office, Washington, D.C. Price 5¢. R.A.H. 

Clay Investigations in the Southern States, 1934-1935. 
W. B. Lane, P. B. Kinc, M. N. Bramertrte, T. N. Mc- 
Vay, H. X. Bay, anp A. C. MunyYan, with an introduction 
by G. R. Mansrrecp. U. S. Geol. Survey Bull., No. 901, 
346 pp. Govt. Printing Office, Washington, D. C. Price 
$1.00.—This publication contains a group of reports cover- 
ing investigations in S. C., Ga., Fla., Ky., Tenn., Ala., 
Miss., and Texas. In S. C., Ky., Tenn., Ala., and Texas 
both ceramic and bleaching clays were studied, but in the 
other states only bleaching clays were studied. In South 
Carolina no bleaching clays of commercial interest were 
found, but clays giving promise for use in the rubber and 
whiteware industries were studied. In Georgia, clays both 
naturally active and activable were investigated. Some 
of these proved to be of high quality and deserving of 
further study. Florida, like Georgia, known for its ful- 
ler’s earth, was found to have hitherto unsuspected but 
apparently large deposits of high-grade activable clays 
which may prove to be a new commercial asset for the 
State. Kentucky and Tennessee apparently have large 
supplies of low-grade bleaching clays, but these are less 
accessible to markets than similar clays now marketed 
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in Illinois. Some of the ball clays sampled in Tennessee 
are of value for particular uses and may be worth de- 
veloping. Results of bleaching clay investigations in 
Alabama were generally disappointing, though some ma- 
terial worthy of further study was found. Many localities 
throughout the State were examined for possible supplies 
of ceramic clay. Those of greatest promise were pros- 
pected and tested. Activable bleaching clays of consider- 
able extent and promise were found in Mississippi. In 
Texas bleaching clays of both naturally active and activ- 
able types were investigated. None of high quality was 
found; this was also true of ceramic clays. R.A.H. 
Feldspar. Rospert W. Mercarr. Preprint from U. S. 


Bur. Mines Minerals Yearbook, 1940. 10 pp. Govt. 
— D.C. Price 5¢. R.A.H. 
orth America: Vol. i, Cha 


Introductory p- 

the Stable Actes. Gebriider Born- 

ee Berlin-Zehlendorf, 1939. In English. 643 pp., 

14 plates, 53 figs. Price, cloth, 16 Rm.—Reviewed in 

Bull. Amer. Assn. Petroleum Geologists, 24 i} 1134-35 
G.M.H 


(1940). 

Mi c¢ Determination of the Ore Minerals. M. N. 
Sort. U. S. Geol. Survey Bull., No. 914, 314 pp. Govt. 
Printing Office, Washington, D. C. Price ‘$1.00.—s. gives 
detailed information regarding the means of preparing the 
opaque minerals for study, useful equipment, and methods 
of identification. The main topics are micro- 
scopic technique, grinding and , abrasives, meas- 
urements of reflectivity, —winee methods, etch 
reactions, microchemical methods, and determinative 
tables. The many advances which have been — are 

H. 


and Associated Minerals in the 
of South Dakota. J. R. Gurreras. 
U. S. Bur. Mines Information Circ., No. 7112, 104 pp.—G. 
describes the mining of pegmatite minerals, from the stand- 
point of the feldspar industry, from the pegmatite dikes of 
the southern Black Hills. R.A.H. 

More Jobs for Minerals. Paut M. Tyter. U.S. Bur. 
Mines Information Circ., No. 7118, 19 pp. Free—T. 
describes the growing use of minerals, the increasing va- 
riety of raw materials, the place of minerals in modern in- 
dustry, the new uses for some of the minerals, the competi- 
tion of minerals with one another, how markets are found 
for them, and the minerals that are “looking for new 
jobs.” R.A.H. 

Ore-Testing Studies: Il. Metallurgical Division Prog- 
ress Report No. 39. Epmunp S. Leaver, Jesse A. 
Wootr, A. P. Towne. U. S. Bur. Mines Repts. 
Investigations, No. 3515, 76 pp. Free.—Precious metals 
are dealt with. See Ceram. Abs., 19 [6] 148 ee. 


R.A.H. 
Pinite; New Re . Anon. U. S. Bur. Mines 
Mineral Trade Notes, 9 {5] 23 pp. (1939). Free.—aA brief 


description is given of this mineral which is found near 
Oreana, Nev. R.A.H. 
Potash Situation. Bertranp L. Jounson. U.S. Bur. 
Mines Information Circ., No. 7117, 6 pp. Free.—J. re- 
views post-war changes in the international situation, the 
rise of a domestic industry, 1939 developments, former 
German markets for potash, and opportunities for non- 
German exporters. R.A.H. 
Preliminary Report on Brucite Deposits in Ontario and 
ebec and Their Commercial bilities. M. F. 
upGE. Can. Dept. Mines, Bur. Mines, Mines & Geol. 
Branch, Dept. Mines & Resources, Memorandum Series, 
No. 75 (Dec., 1939). 57 pp., 3 maps, 2 plates.—Brucite 
of commercial importance occurs in pre-Cambrian lime- 
stones of the Rutherglen, Ont., and Wakefield and Bryson, 
Quebec, areas. A process has been devised for the re- 
covery of granular brucite by calcination followed by hy- 
dration, screening, and washing, the lime being hydrated 
while the calcined brucite retains its natural granular 
form. In this way a highly pure magnesia can be obtained 
(from a brucitic limestone containing 25% or more bru- 
cite) at an estimated gross cost of ot more than $30 per 
ton; at this price it could easily compete with imported 
magnesia in eastern Canada. This magnesia is highly 
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suitable for the manufacture of basic refractories, mag- 
nesium metal, and various magnesium salts and for other 
uses of magnesia. The possibilities of other methods of 


are studied. G.M.H. 
of Clay Minerals as a d Means of Identifi- 
cation in atural and Beneficiated ducts. Gerorce T. 
Faust. U. S. Bur. Mines Repts. Investigations, No. 


3522, 21 pp. Free—F. describes staining technique, 
artificial pleochroism of clay minerals, special problems in 
dealing with bentonites, and the detection of clay minerals 
in natural and beneficiated products. R.A.H. 
Talc, Pyrophyllite, and Ground Soapstone. BERTRAND 
L. JOHNSON AND K.G. WaRNER. Preprint from U. S. Bur. 
Mines Minerals Yearbook, 1940. 11 pp. Govt. Printing 
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cate materials with a low iron content for ceramic pur- 
poses are produced from naturally occurring magnesium 
silicate raw materials with an iron oxide content, having a 
bright red color. The raw material, after being finely 
— is melted down in an arc furnace, and the resulting 
used charge is ground up again, subjected to an i 
magnetic separation of impurities, washed, and finally 
prepared by adding a known inorganic and/or organic 
material to the mass which does not influence the firing 
color; the plasticity required for ordinary ceramic opera- 
tions is main D.A.B. 

Production of beryllium compounds which are free from 
fluorine. I. G. Farpentnpustrie Axr.-Ges. Brit. 524,- 
171 and 524,321, Aug. 14, 1940 (April 5, 1938). 


Office, Washington, D.C. Price 5¢. R.A.H. Treating clays. Wisconsin ALUMNI RESEARCH FouN- 
DATION. Brit. 524,487, Aug. 21, 1940 (April 6, 1938). 
paveuns Treatment of china or other clays or clay substances for 
the removal of objectionable coloring matter contained 
Prod materials of magnesium silicate for ceramic therein. Goonvean & Rostrowrack CHINA Cray Co., 
purposes. atit-Macnesia A.-G. Ger. 689,029, Feb. Lrp., anp L. E. B. Pearse. Brit. 524,074, Aug. 14, 1940 
15, 1940 (July 14, 1936); VI/80d. 8.08.—Magnesium sili- (Nov. 14, 1939). 
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Accelerated method of ite analysis. N.O. ZELDIN. 
Ogneupory, 7 [8] 560-64 (1939).—The method is based on 
the evaporation of quartzites in hydrofluoric acid in the 
presence of oxalic acid. Details are given of the deter- 
mination of RzO;, Fe,O;, and Al,Os. 


M.V.C. 
a to 8 transformation of quartz. C. V. RAMAN AND 
T. M. K. Ngepuncapi. Nature, 145 [3665] 147 (1940).— 
The authors present spectra of monochromatic light (4358 
a.u. radiation of Hg arc) scattered in a quartz crystal at 
seven different tem tures ranging from that of liquid 
air (—192°C.) to +530°C. A fully exposed spectrum at 
room temperature indicates 14 different normal modes of 
vibration of the crystal. At —192°C., the three most in- 
tense lines correspond to the frequency shifts 132, 220, and 
468 cm.~', and all are equally sharp. Changes occur as 
the crystal is heated. The 220-cm.~! line spreads out 
toward the exciting line and becomes a weak diffuse band 
as the transition temperature is approached. The other 
int «se lines having both larger and smaller frequency 
shifts continue to be easily visible, though appreciably 
broadened and displaced. This behavior of the 220-cm.~! 
line indicates that the binding forces which determine the 
frequency of the corresponding mode of vibration of the 
crystal lattice diminish rapidly with rising temperature. 
The authors infer that the increasing excitation of this 
particular mode of vibration with rising temperature and 
the deformation of the atomic arrangement resulting are 
in a special measure responsible for the progressive changes 
in properties occurring in the crystal over the range 200° 
to 575°C. as well as for inducing the transformation from 
the a to the 8 form. Illustrated. J.L.G. 
Aluminum silicofluoride, its preparation in the solid 
state, and its es. A. A. SANFOURCHE AND A. 
KRAPIVINE. ull. Soc. Chim., [5]6, 1689-96 
(1939).—Aluminum silicofluoride or aluminum fluosilicate 
was obtained in solution by Sainte-Claire Deville; he was 
not successful in isolating it in the solid state because of 
the instability of its solution. Amorphous substances 
have been described under this name whose composition 
was not indicated or which did not respond like the true 
substance; the authors believe them to have been merely 
decomposition products of the solution. They succeeded 
in crystallizing this substance from concentrated solutions 
under very definite conditions; this permitted the identi- 
fication and study of its properties, one of which is iny- 
drolysis. D.A.B. 
Colorimetric determination of copper with triethanol- 
azine. Joun H. Yor anp Cuaries J. Barton. Ind. 
Eng. Chem., Anal. Ed., 12 (8) 456-59 (1940).—A spectro- 
photometric investigation of the colorimetric determination 
of copper with triethanolamine included a study of the 
effect of concentration of the reagent and of the effect of 
ammonium, sodium, and potassium salts on the trans- 


mission of copper-triethanolamine solutions and a test of 
the conformity to Beer’s law, at several concentrations, of 
triethanolamine. A comparative study of the ammonia 
method was also made. There is little difference in the 
sensitivities of the copper-ammonia and copper-triethanol- 
amine methods, although the latter is slightly more sensi- 
tive at low concentrations of copper. ee 
F.G.H. 
Coiorimetric determination of iron with salicylaldoxime: 
a spectrophotometric study. D. E. Howe wirn M. G. 
Me.ion. Ind. Eng. Chem., Anal. Ed., 12 [8] 448-50 
(1940).—-A spectrophotometric study of the complex 
formed by the action of ferric iron on salicylaldoxime has 
indicated that this complex might be used for the colori- 
metric determination of ferric iron. The complex is most 
suitably used for this purpose in a neutral solution, pH 
being a critical factor in the determination. The range of 
concentrations is from 0.05 to 10 p.p.m. of iron, with the 
limits being extended each way by proper dilution or con- 
centration. Interfering substances are easily removed, 
the reagent is highly specific, and no special techniques 
are necessary. Salicylaldoxime is recommended as a 
reagent for the colorimetric identification and determina- 
tion of small amounts of ferric iron. Illustrated. = 
F.G.H. 
Effect of ultrasonic waves (U.S.W.) on colloidal phe- 
nomena: V, Influence on thixotropy: II, Thixotropic sys- 
tems of ferric hydroxide. N. Sata N. 
Kolloid Z., 89, 341-44 (1939).—In considering the action 
of ultrasonic waves upon thixotropy, attention is called to 
some important factors which, besides aggregation and 
hydration, cause an orientation of the particles. One of 
these factors is that most of the thixotropic systems con- 
tain nonspherical particles. For Part I see Ceram. Abs., 19 
[7] 175 (1940). L.E.T. 
Equilibrium measurements on sodium silicates. E. 
ZINTL AND H. Leverxus. Z. Anorg. & Allgem. Chem., 243 
{1] 1-13 (1939).—No additional compounds could be 
formed from Na,SiO; and NaOH or NaF up to tempera- 
tures as high as 500°C. An apparatus is described for the 
measurement of steam pressures and for the completion of 
isothermal decomposition by dehydration equilibria. The 
equilibrium pressures of the following reactions can be 
measured (and reproduced) between 350° and 500°C. 


Na,SiO; + 2NaOH = Na,SiO, + H,0 (1) 
2Na,Si0O; + 2NaOH =— NasSi,O, + H,O (2) 
NasSigO, + 2NaOH 2Na,SiO, + H,O (3) 


All three reaction curves intersect at 402°C. and 240 mm. 
Hg. According to thermodynamic demands, the tension 
of 1 is the geometric mean of 2and3. Through isothermal 
decomposition below and above 402°C. and through X- 
ray diagrams, the coordination of the tension curves with 
the equilibriums 1 to 3 was ascertained. The three reac- 
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tions are isothermic from right to left with heats of reaction 
of 12.0, 18.0, and 5.8 Cal. Sodium pyrosilicate is unstable 
below 402°C. and breaks down into the orthosilicate and 
metasilicate. The heat of reaction for this decomposition 
is 12.2 Cal. The dependence of the stable products from 
the reaction of Na,;SiO; and NaOH on the proportions, 
temperature, and steam pressure between 350° and 500°C. 
was investigated. R.K. 
London-van der Waals force between two disk-shaped 
es. G. P. Dupe anp H. K. Das Gupta. Compt. 
., 209 [6] 340-42 (1939) .— Systems showing the phe- 
nomenon of thixotropy are built up in general of nonspheri- 
cal particles, e.g., the particles of iron oxide are disk- 
shaped. The formula for the interaction of two particles 
is developed for the cases where (1) the disks are in the 
same plane, and (2) the planes are parallel and perpendicu- 
lar at their centers; the energy E£ is then given by E = 


51, dS,dS; 
v 


Waals constant, 4/, and 4/, = the thicknesses of the two 
disks, dS, and dS; = surface elements, v = the distance 
between the elements, and 9 = the number of atoms per 
cm.*. The evaluation of the integrals shows that the force 
in case 1 is greater than that in case 2; the force is also 
different from that of the spherical particles. In thixo- 
tropic pastes, the particles are arranged preferably ac- 
cording to case 1. M.H. 


Mechanism of the 


, where \ = the London-van der 


tion of silicic acid from 
sodium-silicate solution: w molecular silicic acid 
stable in acid solution. A. Rrap Tourky. Z. Anorg. & 
Allgem. Chem., 240 [2] 198-208 (1939).—The equilibrium 
between low and higher molecular silicic acid in diluted 
sodium silicate solution was investigated in regard to its 
relationship to pH, age, and kind of acid. Diluted solu- 
tions of sodium metasilicate were ultrafiltrated after the 
addition of varying amounts of acids. A table gives the 
pH, age of the solution in days, duration of the filtration in 
whe a and the amount of silica retained on the filter. 
Silica begins to precipitate in colloidal form at pH 10.85, 
and the amount reaches a maximum at the point of neu- 
tralization, pH 6.8. At pH 2.8 only 8% is colloidal after one 
day. At lower pH values the amount rises again. The 
cause of the stability of the low molecular silicic acid at pH 
2.8 was investigated. The low molecular, acid soluble silica 
is not formed through solution of the precipitated silica 
but is a stabilized form of the silica in alkaline solution. 
Not only the pH value but also the nature of the acid in- 
fluences the stabilization; phosphoric acid has the greatest 
influence and nitric acid the least. The acids form inter- 
mediate compounds with the silicic acid which decompose 
later on. For the silicate-HCl solution this fact was 
further demonstrated by potentiometric and conducto- 
metric observations. II, § observations. Jbid., 
[3] 209—-16.—Silicic acid precipitates in two distinct forms: 
from the ultrafiltrated diluted acid solutions in the form of 
fibers and from the alkaline ultrafiltrates and the concen- 
trated solutions as flocks. The formation of flocks cannot be 
due to quick polymerization. With the use of a dilatome- 
ter it was proved that a difference exists between the 
precipitates from concentrated acid and alkaline solutions. 
The precipitate from acid solutions shows an increase in 
volume at the time of flocculation which must be attributed 
to a release of water during the formation of the fibrillose 
structure, i.e., of oxygen bridges. Since the fibrils appear 
only where the acid acts as stabilizer, the formation of 
intermediate acid-silica compounds is further confirmed. 
Upon the breaking up of these intermediates, active silica 
is set free which is capable of forming chains. W.K. 
New types of electrodes for potentiometric and conduc- 
tometric titrations. Himmentro Gero. Science Repts. 
Téhoku Imp. Univ., Series 1, 29, 9-21 (1940).—For poten- 
tiometric titrations four different types were developed: 
(1) A Jena glass microfiltering tube has a small tube at- 
tached; an electrolyte is put in and a Pt wire coated with 
Pt black i is inserted. The electrolyte does not flow through 
the pores of the tube. (2) Ground glass was put in the end 
of a glass tube and heated until it sintered. This is similar 
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to type 1. (3) A tube was made with a small ground glass 
stopper in the lower end. The electrolyte was put in, the 
plug loosened momentarily, and seated firmly. (4) A 
small stop cock in the end may be similarly used. !t is 
totally immersed. Tests were made on neutralization, 
permanganate, iodine, bromate, dichromate, and precipi- 
tation titrations. They all gave sharp breaks at the end 
point. Platinum-plated and gold-plated glass electrodes 
were developed for conductometric titrations. These gave 
sharp breaks in aqueous solutions and with small amounts 
of organic solvents; they could be used with higher 
amounts of solvents, but the break was not as sharp. 


W.D.F. 

Oxide determination in clays and products. A. I. 
LoBanov. Ogneupory, 7 {10-11] 712-14 (1939).—The 
determination is based on the precipitation of oxides of 
aluminum, iron, and titanium by means of alkalis or 
ammonia without preliminary separation of silica. Details 
are discussed. M.V.C. 

Process of mullitization of refractory clays from Latnin- 
skil and Chasov-Yar deposits. A. K. Freperc. Ogneu- 
pory, 7 [12] 758-64 (1939).—The consecutive crystalliza- 
tion of mullite crystals in the clays studied was deter- 
mined. Up to 1200° a reaction takes place during the for- 
mation of mullite from the products of the dissociation 
of kaolin (alpha-alumina and silica). Above this tem- 
perature the mullite crystals grow in size. F. determined 
the dependence of the growth of mullite crystals on tem- 
perature and time in the firing interval between 1200° 
and 1400°. This dependence can be checked for other 
ceramic products, particularly for those made of silica 
and magnesite. With slow cooling, recrystallization of 
mullite out of the melt occurs, e.g., samples of Latninskil 
clays cooled very rapidly from 1550° contained 7% less 
mullite (undissolved in hydrofluoric acid) than those cooled 
slowly. Miullitization is not the only factor affecting 
physicochemical properties of the products; the composi- 
tion and amount of the glass phase and the “‘overcrystal- 
lization”’ of silica are also of great importance. There are 
definite temperature intervals for porosity, shrinkage, and 
brittleness at which these indices have an optimum signifi- 
cance; this conclusion should be checked with grog prod- 
ucts having different thermal treatment and a different 
granulometric composition. See ‘“Firing...," Ceram. 
Abs., 19 (6) 147 (1940). M.V.C. 

Reaction behavior of various SiO, modifications. C. 
KROGER AND W. Gragser. Z. Anorg. & Allgem. Chem., 
242 [4] 393-405 (1939).—The action of cristobalite on 
lithium, calcium, and sodium-calcium carbonates was in- 
vestigated. Lithium carbonate forms the unstable equilib- 
rium, Li,CO; + SiO, — LigSiO; + CO,. CaCO, forms a 
solid solution with cristobalite. The action of Na,Ca- 
(COs): is as follows: 3Na;Ca(CO;), + SiO, — Na,O-- 
2CaO-3Si0O, + 2Na;0-CaO-3Si0O, + 6CO,. The action 
of cristobalite, tridymite, and precipitated silica on KyCO,; 
was also investigated. The reaction of SiO, with K,CO, 
forms initially a solid solution from which the reaction 
product, K,Si,0;, must crystallize 

Silicides of calcium. V. Louis AND H. H. Franck. Z. 
Anorg. & Allgem. Chem., 242 |2] 117-27 (1939).—After 
the accurate fixation of the preparation conditions for 
calcium monosilicide, the authors were able to produce a 
compound whose purity was hitherto unattainable (98%). 
Debeye-Scherrer diagrams indicated the presence of two 
monosilicides. The conditions under which they are 
formed and mutually transformed are presented. The 
conversion of the monosilicide into the stable disilicide was 
thoroughly investigated. The first completed preparation 
and investigation of the dicalcium monosilicide permitted 
the series of calcium silicides to become enriched with a 
further member. The crystal structure of this compound 
can be extensively clarified. The Debeye-Scherrer dia- 
grams of the pure compounds and their mixtures show the 
errors of mutual solubility in the system Ca-Si. R.K. 

Specific heats at low temperatures of tantalum oxide and 
tantalum carbide. K. K. Keititey. Jour. Amer. Chem. 
Soc., 62 [4] 818-19 (1940).—Specific heat measurements of 
tantalum oxide and tantalum carbide were made in the 
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temperature range 53° to 298.1°K. The entropies are 
See, = 34.2 * 0.4 for tantalum oxide and Sig; = 10.1 + 
0.1 for tantalum carbide. The free energy of formation of 
tantalum oxide from the elements has been computed as 


—453,700. Illustrated. F.G.H. 
thesis of some minerals of the spinel p. N.L 
Zapiski Vserossiiskogo ineral. Ob- 


shchestva, 68 [1] 18-26 (1939); Khim. Referat. Zhur., 1939, 
No. 8, p. 20; Chem. Abs., 34, 5018 (1940).—The synthesis 
was performed by heating the oxides in an atmosphere 
of dry HCI and by the firing method. The latter method 
was used for the synthesis of Ni spinels for which the first 
method could not be applied. Their specific gravities and 
m were determined. The following spinels were synthe- 
sized: (1) picrochromite, MgCr:O,, a light-green powder, 
density 4.39, mp 2.08 + 0.02, hardness considerably 

ter than 5; (2) spinel having the composition Mg- 
Fe,Cr):0,, -brown, m1; 2.22 + 0.04 (the 
theoretically calculated : my 2.215); (3) Nispinel, NiAl,O,, 
light-blue, mp 1.875 = 0.015, density 4. 45; (4) nickel chro- 
mite, NiCr,O,, a dark-green, nearly black powder, m1; 2.29 
« 0.01, density 5.16 (the compound has not been previously 
synthesized); (5) trevorite, NiFe,O., a dark substance 
with a reddish violet shade, m 2.69 0.03, density 5.34, 
hardness greater than 5. A review of all known minerals of 
the spinel group, the relation between the composition and 
the physical properties (m and density) of the minerals, 
and a short — of the methods for the synthesis 
of spinels are gi 

System alkali VIII, Re- 

action pressures of quartz and disilicates with alkali 
double carbonates. C. Kriécer anp K. W. Z. 
Anorg. & Aligem. Chem.., 241 [4] 338-48 (1939).—The 
conversion of quartz in the quaternary system Alk,'O- 
Alks"'O-SiO;-CO; leads to the same reaction pressure as 
that in the system Alk,O-SiO,-CO,. Because of the better 
diffusion practicability, the initial pressure of the unstable 
metasilicate is also observed. The reaction is AlksCO; + 
SiO, — Alk,SiO; (solid solution) + CO,. A stable equilib- 
rium between quartz and disilicate does not lie in the qua- 
ternary system. The disilicate transformation leads to the 
same equilibrium pressure in the quaternary system as it 
does in the ternary system. That which is in the quater- 
nary system of a previous lower eutectic does not influence 
the pressure values. No noteworthy acceleration of the 
reaction was obtained. For Part VII see Ceram. Abs., 19 
[10] 245 (1940). R.K. + W.K. 

Systems MnO-TiO, and MnO-FeO-TiO,. J. Grizve 
ANv J. Wuire. Jour. Roy. Tech. Coll. [Glasgow], 4, 
70 (1940); Chem. Abs., 34, 4974 (1940).—From thermal, 
microscopic, and X-ray studies, thermal equilibrium dia- 
—- were constructed for the systems MnO-TiO, and 

O-FeO-TiO,. In the system MnO~-TiO, two com- 
pounds occur, MnO-TiO, (manganous metatitanate) and 
2MnO-TiO, (manganous orthotitanate), the first-men- 
tioned compound melting incongruently. The liquidus 
curve at the TiO, side of the diagram is of the ‘‘S” type (as 
is also probably the case in the FeOQ—-TiO, system). The 
system MnO-FeO-TiO, is ternary only if the effects of the 
peritectic dissociation of FeO (partial liberation at 1370° 
of metallic Fe with formation of a liquid oxide phase con- 
taining approximately 11. 5% Fe,0;) are neglected. Con- 
tinuous series of solid solutions are formed between 
2Mn0O- TiO, and 2FeO- TiO, and between MnO- TiO, and 
FeO-TiO,; MnO and FeO are also soluble in each other to 
a considerable extent. Twenty-one photomicrographs of 
the two systems are included. 

X-ray investigation of the system Cr,0,-NiO. L. 

Tuomassen. Jour. Amer. Chem. Soc., 62 [5] 1134-36 


(1940).—In the equilibrium diagram Cr,0;-NiO the 
spinel NiO-Cr,O; is the only compound present. At 
1000°C. the solubility of nickel and chromium oxide in 
the spinel is small. Nickel oxide does not dissolve chro- 
mium oxide. 


F.G.H. 
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BOOK AND SEPARATE PUBLICATION 


International Annual Tables of Constants and Numerical 
Data (Tables Annuelles Internationales de Constantes et 
Données Numériques): Vol. XI (1931-1934), Part I, Sec- 
tions 1-25. Hermann and Cie, Paris; cGraw-Hill 
Book Co., Inc., New York. 519 pp. Price $10.00. Re- 
viewed in Mech. Eng., 62 [9] 691 (1940).—These tables 
supply periodically new numerical data, physical, chemical, 
and technological. They are intended for those who 
make use of quantitative values of the properties of sub- 
stances and magnitudes that occur in chemical, physical, 
or technical phenomena and provide a comprehensive 
digest which will obviate the necessity of searching periodi- 
cals. This volume covers the data upon certain subjects 
which appeared during the years 1931 to 1934. A com- 
plete bibliography is included. For Vol. X see Ceram. 
Abs., 16 F.G.H. 

Quantita tive Analysis by X-ray Diffraction: I, Deter- 
mination of James W. BALLARD, H. I. Osury, 
AND H. H. Scurenx. U.S. Bur. Mines . Investiga- 
tions, No. 3520, 10 pp. Free.—The quantitative deter- 
mination of quartz by X-ray diffraction is considered 
particularly applicable to industrial-hygiene studies. 
Methods for determining free silica are described. The 
principles of the X-ray diffraction method, the apparatus 
used, the analytical procedure, and the results of tests are 
also discussed. R.A.H. 


PATENTS 


Ceramic positions. Monsanto CuHemicat Co. 
Brit. 524,513, 21, 1, 1938). 

Manufacture ~earth carbonates. Kurt SCHNEI- 
DER. U. S. 2,211,796, Aug. 20, 1940 (Dec. 3, 1937).— 
(1) The process of making calcium carbonate of fine 
particle size comprises causing milk of lime to react with 
a separately prepared water solution of carbonic acid. 
(7) The process of making calcium carbonate of fine par- 
ticle size comprises causing milk of lime to react with a 
separately prepared saturated water solution of carbonic 
acid containing an excess of liquid carbon dioxide. 

Manufacture of silica gel. ANGLO-IRANIAN Or Co., 
Lrp., H. F. Dare, anp A. Mriuren. Brit. 524,142, Aug. 
14, 1940 (Dec. 17, 1938). 

Manufacture of titanium dioxide pigments. fF. L. 
KINGSBuRY AND C. L. Scummrt (National Lead Co.). 
U. S. 2,211,828, Aug. 20, 1940 (Oct. 9, 1937).—In a method 
for preparing titanium dioxide pigments which includes 
the hydrolytic precipitation of hydrous titanium oxide 
from a sulfuric acid solution of a titanium compound, the 
step consists in heating a sulfuric acid solution of a titanium 
compound containing in solution a compound containing 
one or more elements selected from the group consisting 
of the rare-earth elements, cerium, yttrium, and lantha- 
num, in an amount between about 0.02 and 0.5% calcu- 
lated as the oxide of the element and based upon the 
titanium dioxide (TiO,) content of the titanium sulfate 
solution hydrolytically to precipitate therefrom hydrous 


titanium oxide. 
Process and a tus for the production of com 
tions of lead and its oxides and compositions of re ted 
ucts. C. F. Haunz (Richardson Co.). U. S. 2,211,- 
75, Aug. 20, 1940 (May 15, 1937).—A process of produc- 
ing a composition of lead and its oxides comprises melting 
the lead and treating the liquid lead to bring it into a fine 
filamentary form while still in a metallic condition, there- 
upon treating the lead with water and evaporating the 
water therefrom to produce upon the surfaces of the fila- 
mentary lead a coating sufficient to prevent coalescence 
during a milling operation, and thereafter converting a 
portion of the lead into an oxide by milling the treated 
filamentary material dry in the presence of an oxidizing 
atmosphere. 


- — . — 
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1940 
Prod dehydrated borax by gradual heating of 
crystalline Gesr. Borcuers A.-G. Frrep- 


rich Borcuers. Ger. 680,180, Aug. 3, 1939 (Dec. 30, 
1937); IVb/12i. 40.—Crystalline borax in saturated solu- 
tion is first heated at a moderate temperature to reduce the 
water of crystallization from 4 to 2H,O. This preliminary 
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dehydrated salt is removed and is completely dehydrated 
at a higher temperature. D.A.B. 


Producing waterproof materials essentially of 
water Micuaet Grosxopr. Ger. .575, Feb. 8, 
1940 ( . 23, 1938); VI/80d. 1.03. Addition to Ger. 


636,054.—Solutions of metal acetates and metal fluorides 
are gradually added in any order to water glass. D.A.B. 


General 


Age and the lead content of certain human bones: a 
compilation and statistical analysis of recently published 
data. H. P. Morris. Jour. Ind. Hyg. & Toxicol., 22 (3) 
101-103 (1940).—There is a significant increase with age in 
the lead content of four different human bones from differ- 
ent subjects when it is expressed as mgm. lead per kgm. 
fresh bone. The increase is less marked in the-rib and 
vertebra than in the femur and tibia. The increase in lead 
was 0.810 mgm. per kgm. of fresh bone per year in the 
femur, 0.060 mgm. for the rib, and 0.044 mgm. for the 
vertebra. E.J.V. 

Air sampling of asbestos dust. J. W. Fenner. Ind. 
Med., Ind. Hyg. Sect., 9, 5-7 (Jan., 1940).—For the past 10 
years the industrial health section of the Metropolitan 
Life Insurance Company has been studying the effect of 
inhalation of asbestos dust upon employees in plants in the 
United States and the Province of Quebec. The electro- 
static dust collector recently placed on the market com- 
bines ionization and electric precipitation in entrapping 
dust, and it is highly effective in securing fine dusts and 
fumes. The detailed procedure is given for applying both 
the electrostatic and impinger methods; the results are 
tabulated in parallel columns. F. concludes, from his study 
of asbestos dust samples collected in asbestos textile mills, 
that (1) the impinger and electrostatic methods of sampling 
agree in the determination of total dust concentration, and 
(2) the electroprecipitator entraps more fibers than the 
impinger. Whether this increase has hygienic significance 
has not yet been determined. Six recent and extensive 
references are listed. K.R. 

Clay products feel preparedness program. James M. 
Lance. Ind. Marketing, 25 [8] 74 (1940).—Refractories 
are so essential to armament industries that war 
caused a scarcity of some types in England. With Ameri- 
can steel production greatly increased, sales of firebrick 
are considerably higher. Structural clay products are 
widely used for military construction work such as air- 
ports, army barracks, hospitals, warehouses, bomb- 
proof structures, etc., and will be used on a still larger 
scale when conscription becomes effective. F.E.S. 

Detoxication mechanism: I, Ability of the apple or its 
constituents to counteract the toxic effects of lead and 
arsenic. IRA A. MANVILLE, FRANCIS J. REITHEL, PAUL 
M. Yamapa, T. W. SPENCER, AND JOHN R. RICHARDSON. 
Jour. Ind. Hyg. & Toxicol., 22 [1] 36-47 (1940).—Rats, 
guinea pigs, and rabbits were fed diets low in uronic acid. 
With the exception of the rats’ diet, the food mixtures were 
low in calcium and phosphorus. The animals were fed 
lead, separate from the diet, in amounts of 47, 19.6, and 
6.4 mgm. per kgm. of body weight. Apple supplements 
were fed to Group A animals in amounts of 35, 49, and 18.3 
mgm. per kgm. of body weight; the ratio of lead to apple 
was 0.74 for the rats, 2.5 for the guinea pigs, and 3.0 for 
the rabbits. In no instance did the duration of the feeding 
last over 33 days, 8 days, or 26 days, respectively. The 
animals receiving the highest proportion of apple (rabbits) 
showed no signs of toxicity and there was 100% survival. 
As the amount of apple decreased, the protection afforded 
was still evident but less marked. It is concluded that the 
apple is capable of affording protection against the toxic 
effects of lead. E. 

Exhibition of ceramic machines and kilns. ‘Lr. 
Tonind.-Ztg., 62 [103-104] 1152-59 (1938).—L. gives a 
review of an exhibition of ceramic machines and kiln con- 
struction. W.K. 

Factory dust control. P. C. Zremxe. Mill & Factory, 
25 [3] 73-75, 98, 100 (1939). D.A.B. 


Industrial nurse. J. H. Cutvers. Ind. Med., 9, 29-31 
(Jan., 1940).—In a large industry the industrial nurse is 
part of a well-organized and functioning medical depart- 
ment. Certain laboratory examinations may be at times 
required of her: the blood picture, urine examination, or 
operation of an X-ray unit. Her skill and tact frequently 
bring about a more stable employer-employee relation. 
The visiting nurse works in cooperation with the medical 
director of the company and also with the family doctor. 
Where employers require an employee to notify the man- 
agement of his absence from work, with reasons, the visit- 
ing nurse is sent at once to ascertain actual conditions, 
attend to the worker’s needs, and report back promptly 
to the company. K.R. 

nurse as a teacher of nutrition. Leona Pa- 
ZOUREK. Ind. Med., 9, 240-43 (May, 1940).—The indus- 
trial nurse can prepare herself to deal with undesirable 
conditions by (1) taking a nutrition course in a recognized 
school or college, (2) the study of authoritative books 
(list given) if unable to take such a course, and (3) the 
study of pamphlets issued by various Government agencies 
on the food needs of workers and their food-purchasing 
habits. P. presents desirable diets and their relative cost, 
discusses foods containing vitamins, and lists low cost 
foods with high food values. Suggestions are made for 
improving the food values in cafeterias which serve em- 
ployees. K.R. 

Industrial workers of 1960. C.P.McCorp. Ind. Med., 
9 [4] 173-78 (1940).—<According to present population 
trends in the U. S., where now one person in every five is 
over 50 years of age, by 1960, one in every three will ex- 
ceed that age. The number of young persons under 20 in 
1960 will have diminished between one-third and one- 
half of the present youthful population. Even now there 
are 1,800,000 fewer children under 10 years of age than 
there were 15 years ago. Industry, while competing 
actively for the services of youth in its distinctly decreased 
numbers, will depend more and more upon available and 
experienced workers. Cheering statistics are cited from 
a survey of workers over 40, conducted by the National 
Association of Manufacturers, involving 2485 question- 
naires and 1,656,565 workers, which all but negative the 
supposed superiority of the youthful member of industry. 
Sixty per cent of the employers find employees over 40 
worth preference, 83% report the sickness rate lower 
among the older persons and their efficiency rate higher, 
81% report their accident risk lowered, and 66% consider 
the power of adjustment the same as or higher than that 
shown by younger persons. K.R 

Large and small plants have a health job to do. H. Cc. 
Beaver. Factory Management & Maintenance, 98 [2] 
72-73 (1940).—B. surveys the field of employee health 
service in both large and small plants. He considers the 
management’s responsibilities and some of the rewards to 
be gained. J.L.G. 

Peresntage of particles of different sizes removed from 
dust-laden air by brea . A. M. Van Wijk AND H. S. 
Patterson. Jour. Ind. Hyg. & Toxicol., 22 [1] 31-35 
(1940).—An apparatus was devised, using two thermal pre- 
cipitators, for measuring the percéntage of siliceous dust 
particles, of different size ranges, removed from dust- 
laden air by breathing. About 25% of particles of the size 
0.2 w and about 80% of the size 2 x are removed. Between 
these two sizes the percentage removal is nearly propor- 
tional to the square root of the size. Above a size of about 
3 w the percentage removal increases slowly until, at a size 
of 5 uw, about 95% of the particles are removed. It has not 
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proved possible to explain the square root relationship 
found between size and percentage removal theoretically, 
but the calculated displacements due to a combination of 
sedimentation and Brownian motion appear to be quite 
adequate to account for the removal of the particies. It 
appears likely that the larger particles will tend to be de- 
posited i in the larger air passages and that, with decrease 
in size, the particles will tend to be deposited i in smaller air 
passages. Owing to the subsequent expulsion of particles 
from the larger air passages by physiological mechanisms, 
the size distribution of the dust in the inhaled air may be a 
guide to the size distribution of the dust ultimately re- 


tained by the lungs. E.J.V. 
Pre-employment examinations (North Carolina). M. F. 


nd. 1 Med., 9, 188-93 (April, 1940).—Nine refer- 
K.R. 


“Silicosis and Type III pneumococcus pneumonia: an 
tal study. ArtTHuR J. VoRWALD, ANTHONY B. 
DELAHANT, AND Morris Dworskr. Jour. Ind. Hyg. & 
Toxicol., 22 [2] 64-78 (1940).—The unusual susceptibility 
of the silicotic lung to tuberculosis has led to the inference 
that such lungs may also be more vulnerable to infection 
with the pneumococcus. To check the validity of this 
supposition, experiments were designed to determine the 
effect of silica on the growth of pneumococcus in artificial 
culture media and to demonstrate the influence of silicosis 
upon pneumonia in the living animal. The addition of 
silica, either in particulate or in dispersed colloidal form, to 
blood-broth culture medium had no influence on the 
growth or the morphology of Type III pneumococci. 
Silicotic rabbits showed no unusual susceptibility to Type 
III pneumococcus infections produced by intracutaneous 
injection, by inhalation, or by intrabronchial insufflation. 
Type III pneumococcus pneumonia, produced experi- 
mentally in rabbits with advanced silicosis, ran a normal 
course, showed no tendency to organize, and resolved as 
completely as in the normal control rabbits. Silicotic 
nodules were remarkably resistant to the action of pneu- 
mococci and retained, without modification, the distinctive 
characteristics of such lesions in the rabbits. Persistent 
perinodular | reaction was lacking, and there was no tend- 
ency toward the formation of conglomerate fibrosis. The 
presence of silicosis had no influence upon the well-defined 
immune reactions to Type III pneumococci that can be 
elicited in normal rabbits. Their natural resistance to 
avirulent and virulent strains was maintained, and the 
resistance acquired from previous infection was appar- 
ently as well developed as in nonsilicotic controls. If the 
length of life is taken as an index of resistance, a small 
number of observations suggested that, if anything, the 
presence of silicosis might enhance the resistance of the 
rabbit to Type III pneumococcus infection. Illustrated. 


E.J.V. 
Edward Ray Weidlein. Anon. Bull. Amer. Ceram. 
Soc., 19 [9] 344-45 (1940). 


BOOKS AND SEPARATE PUBLICATIONS 

Chronic Manganese Poisoning in an Ore- i 
J. M. Datta VALLE U.S. Pub. Health B 
247, 77 pp. (1940).—The world manganese industry is 


Mill. 


Ceramic Abstracts 


Vol. 19, No. 11 


thoroughly reviewed. The material used annually by the 
pottery industry is given in tons. The amount used by the 
glass industry and how it is used is also given. Two ore- 
crushing mills were investigated. K.R. 
Filtration of the Atmosphere and Its Significance for 
Dust Sicknesses. G. LEHMANN. Julius Springer, Berlin, 
1938. 105 pp., 30 illustrations. Price, paper, 7.50 Rm. 
Ergeb. Hyg. Bakt. Immunitétsforsch. Exptl. Therap., 19, 
1-87 (1937); reviewed in Gesundh.-Ing., 61 [42] 617 
(1938).—L. presents his experimental tests and experiences 
for avoiding dust sicknesses. An extensive description of 
various cases is given. The article is of interest to plant 
physicians and superintendents. The dust-protecting 
mask is extensively discussed. L. emphasizes the fact 
that all men, before being hired for work in which they are 
exposed to dust, should be medically examined in regard 
to their nasal susceptibility toward dust. According to 
L., workers with low nasal susceptibility to dust are more 
susceptible to dust reaction in the lungs. The medical 
examination is discussed. Great importance is attached 
to the elimination of fine dust, even particles '/,o99 mm. in 
diameter, from the | ‘ W.D.K. 
Proceedings of the National Conference on Labor 
Legislation. Govt. Printing Office, Washington. U. S. 
Dept. Labor, Div. Labor Standards, Bull., No. 35, 109 pp. 
(1940.)—The report of the Committee on Prevention and 
Compensation of Industrial Injuries and Diseases is given. 
The Committee recommends (1) compulsory compensa- 
tion for all industrial injuries, (2) insurance in an exclusive 
state fund, (3) definition of “‘injury’”’ to include occupa- 
tional disease and ‘“‘blanket”’ coverage instead of by 
schedule, (4) unlimited medical and hospital service, and 
(5) power vested in labor departments or industrial com- 
missions to establish minimum standards of safety and 
health by the promulgation of industrial health and safety 
codes. The Committee approved a resolution petitioning 
that Senate Bill 1620 (Wagner National Health Bill) in- 
clude provisions making it possible for state labor depart- 
ments to obtain funds for the furtherance, promotion, and 
control of industrial hygiene and that labor departments 
have an equal opportunity with departments of health to 
secure such funds. See ‘‘Reports...,”’ Ceram. Abs., 19 [5] 
129 (1940). F.S.M. 
Time Study Analyses: Quarry Drilling. Progress 
Report No. 3. J. R. THOENEN AND E. J. LINTNER. 
U. S. Bur. Mines Repts. Investigations, No. 3502, 19 pp. 
Free.—Analyses of time studies of primary drilling at a 
group of quarries are discussed. R.A.H 


PATENT 


Joining ceramic objects with metal. ScHarF- 
NAGEL. Ger. 680,064, July 27, 1939 (July 25, 1935); 
VI/80b. 23.01.—Ceramic objects are joined to metal by 
fusing. The ceramic object is constructed with the metal 
object to be joined, and at the place of union a binding 
metal melting at 900° to 1100°C. is applied. The entire 
unit is heated to 400° to 700°C., and the binding metal is 
then heated up by high-frequency currents or by blast 
apparatus to the fusion point. D.A.B. 
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BIBLIOGRAPHY ON ORTHOSILICATES OF THE ALKALINE EARTHS 
WITH SPECIAL REFERENCE TO THEIR USE IN 


THE REFRACTORY FIELD*' 


ComPiILep By G. E. Sem AND STAFF 


Calcium Orthosilicate 


1. PHILIPPI AND THEUSNER, ‘“‘Lime and Lime-Alumina 
Silicates,’’ Sprechsaal, 41, 645-47 (Nov. 12, 1908).—The 
melting points were determined as follows: 


2CaO-3Si0O, 1410°-1420°C. (2570°-2588 °F.) 

CaO-SiO;, 1490°-1500°C. (2714°-2732°F.) 

4CaO-3Si0O, 1450°C. (2642°F.) 

2CaO-SiO, 1920°-1930°C. (3488 °-3506 °F.) Dusted on 
3CaO-SiO, 1970°C. (3578°F.) cooling 


Conclusions: All Ca silicates are decomposed by water, 
especially those with a higher CaO content. The silicic 
acid going into solution is small compared with the amount 
of lime. 

2. K. F. ‘Thermochemistry of Metallurgical 
Dolomite and Utilization of Its Deposits in the Donets 
Basin for the Production of Lining Material for Steel- 
Meiting Furnaces,” Ukrain. Khem. Zhur., 11 [6] 460-68 
(1936); 12 [1] 1-16 (1937).—Experiments with various 
types of dolomites showed that those containing less than 
5% or over 9% SiO, are not suitable for making lining 
material. The former have a large amount of CaO, which, 
because of the insufficiency of HgSiOs, is spread throughout 
the material in the form of large crystals. This facilitates 
slaking of the dolomites by the atm. moisture. The latter 
have a large amount of 2CaO-SiO, in the unstable gamma 
form which promotes disintegration of the dolomite when 
cooled below 700°C. (1292°F.). Only those dolomites 
that contain 5 to 9% H,SiO; and at least 2% RO; are 
suitable for making lining material. These were prepared 
at 1450°C. (2642°F.), 1560°C. (2840°F.), 1650°C. 
(3002°F.), and 1710°C. (3110°F.) by mixing dolomites of 
the following average compositions: (1) SiO, 11.3, RO; 
5.6, CaO 26.4, MgO 15.2; (2) SiO, 2.75, RO; 3.5, CaO 
29.5, MgO 20.1. In addition, 2% breeze was added. The 
products were tested for slaking in air, in an autoclave, 
and in a diphenylmethane calorimeter. Best results were 
obtained with the product prepared at 1560°C. and of the 
following composition: SiO, 6.64, R2O; 6.08, MnsO, 0.20, 
CaO 27.98, and MgO 17.59. 

3. B. F. Erpaat, ‘‘Cause of Unsoundness in Portland 
Cement,” Concrete, Cement Mill Ed., 16, 83-85 (1920).— 
That unsoundness of Portland cement is due to dicalcium 
silicate and not to free lime is further established by several 
experiments. The effect of an addition of CaSO, to cement 
for manufacturing supercement is to cause hydration of 
all Portland cement. 

4. N.L. Bowen, ‘“‘Genetic Features of Alnoitic Rocks 
at Isle Cadieux, Que.,”” Amer. Jour. Sci., [5)3, 1-33(1922).— 
The compound 2CaO-SiO, occurs in three forms. The 
beta form with which the natural mineral (lime olivine) 
corresponds is stable only between 675°C. (1247°F.) and 
1420°C. (2588°F.); when pure it changes at room tem- 
perature (or higher) to the gamma form, the change being 
accompanied by such increase of volume that the whole 
mass is reduced to powder. When embedded in a mass of 
glass or other minerals, this change is prevented, and in 
such a case it will persist. It may be noted that the arti- 
— mineral is strongly attacked by water with solution 
of lime. 


* The paper, ‘“‘Orthosilicates of the Alkaline Earths with 
Special Reference to Their Use in the Refractory Field,” 
by G. E. Sem anp Srarr, will be published in the January, 
1941, issue of the Journal of The American Ceramic Society. 

t The wording of most of these abstracts has been taken 
from Chemical Abstracts. Those published since 1922 


have also appeared in Ceramic Abstracts. 
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5. P. H. Bates A. A. Kern, “ Properties of the 
Calcium Silicates and Calcium Aluminate Occurring in 
Normal Portland Cement,’"’ Bur. Standards Tech. Paper, 
No. 78 (1917).—A study of the addition of small amounts 
of the oxides of Ni, V, Mo, Sn, Mg, K, W, B, and Cr to 
mixtures of SiO, and CaO, in the molecular proportion of 
one of the former and two of the latt>r, and firing the mix- 
ture at a temperature of 1550°C. (2822°F.) for 1 hr. 
showed that reversion to the gamma form of the 2CaO - SiO, 
was prevented only in the case of B,O; and Cr,O,;, the 
former being used in the form of boracic acid and the latter 
as the green oxide. These substances in amount less than 
1% entirely prevented the reversion of mixtures in the 
ratio of 2CaO to 1SiO, to the gamma form with one heating 
for 1 hr. at 1550°C. Two firings of the dicalcium silicate 
were made, one with the addition of boracic acid and the 
other with the green Cr,O;. The former at 1550°C. 
seemed to have approached the fusion point a little more 
closely than the latter, the fired material being a hard 
glistening white cellular mass; when the CryO,; was used, 
a rather soft mottled green material was obtained. 
In preparing 3CaO-SiO, much more difficulty was en- 
countered. The first firing with the addition of either the 
boracic acid or Cr,O; produced a material which dusted 
on cooling to gamma 2CaQO-SiO, and free CaO. This ma- 
terial had to be reground and refired five times in order to 
form 3CaO-SiO,. In addition to the above there was 
fired a 2CaO - SiO, and 3CaO-SiO, mixture of the limestone 
and flint to which approximately 1% Al,O; and 0.25% 
boracic acid were added. The effect of these additions 
and impurities was very marked in permitting the ready 
firing of a satisfactory product, only two firings being 
necessary. These two firings gave a 2CaO-SiO, and 
3Ca0O - SiO, of greater impurity. 

6. SHOICHIRO NAGAI AND AKIyaMA, ‘Studies 
on the Synthesis of Calcium Silicates: I," Jour. Soc. 
Chem. Ind. Japan (Suppl. Binding), 34 [12] 471-73B 
(1931).—Equal numbers of molecules of pure CaCO, and 
SiO, were heated for 1 hr. at temperatures from 900°C. 
(1652°F.) to 1550°C. (2822°F.). Analysis of the samples 
indicated that 3CaO-2SiO, was formed between 900°C. 
and 1100°C. (2012°F.). 2CaO-SiO, between 1200°C. 
(2192°F.) and 1400°C. (2552°F.), and CaO-SiO, above 
1450°C. (2642°F.). The hydraulic strength of CaO-SiO, 
was less than that of the calcium aluminates but increased 
with aging in water. 

7. S. Nacar ano K. Axryama, “Synthesis of Calcium 
Silicates: II-IV,"" Jour. Soc. Chem. Ind. Japan, 35, 
10-15, 161-66, 370-77 (1932); in Suppl. Binding, [1] 
8-10B; [2] 65-67B; [3] 118-22B.—Two molecules of 
pure CaCO; and 1 mol. of pure SiO, were heated to 900° 
to 1550°C. (1652° to 2822°F.) for l hr. The 3CaO-2Si0, 
is produced at 900° to 1000°C. (1652° to 1832°F.) and 
changes gradually to 2CaO-SiO, at 1100° to 1200°C. 
(2012° to 2192°F.); the yield of the latter increases sud- 
denly at 1450°C. (2642°F.); small quantities of 3CaO- SiO, 
are produced at 1500°C. (2732°F.) and up. The products 
obtained by heating at 1400°C. (2552°F.) and up dusted 
on cooling. Data are given or. the strength of the prod- 
ucts. With the mixture 3CaCO,; and I1SiO, only the 
2CaO-SiO, compound was produced at 1400° to 1500°C. 
(2552° to 2732°F.); heating at 1600°C. (2912°F.) pro- 
duced a small amount of 3CaO-SiO,. All the products 
of heating at 1400°C. (2552°F.) or up dusted on cooling. 
The formation of 3CaOQ-SiO, is accelerated by the presence 
of Fe;O;. The effect of Al,O; on the formation of 3CaO-- 
SiO, is significant, although it is far weaker than that of 
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Fe,O;. The effect of AlO; and of FeO; increases with 


increasing proportions. 

8. S. Nacar anp K. Murakami, “‘Synthesis of Calcium 
Silicates: V,” Jour. Soc. Chem. Ind. Japan (Suppl. 
ee 36 [5] 264-68B (1933).—Pure CaCO; and SiO, 

fine powder form were mixed in the ratios 2CaCO;:- 
2.3CaCO;:1SiO:, 2.7CaCO;:1SiO,, and 3CaCO;:- 
1SiO, and heated at 1300°C. (2372°F.), 1350°C. (2462°F.), 
and 1400°C. (2552°F.) from 0.5 to 12 hr., in some cases 
with repeated heatings and grindings. CaO and SiO, 
combine completely to dicalcium silicate at 1300°C. in 
3hr. Reaction between 2CaO-1SiO, and CaO is very slow 
at the low ratio of 2.3CaO:1SjO, and low temperature, 
but 3 repetitions of heating at 1400°C. for 9 hr. are ef- 
fective. In all samples, 3CaO-1SiO, is produced in small 
amounts and readily formed pure at 1400°C. by repeated 
heating, grinding, and mixing. 

9. SS. Nacat AND MurRAKAMI, ‘“‘Synthesis of 
Calcium Silicates: VI,"’ Jour. Soc. Chem. Ind. Japan 
(Suppl. Binding), 36 (6) 326-30B (1933).—Previous tests 
were made by heating below 1400°C. (2552°F.). The 
present tests involve heating above 1400°C. Pure 
3CaO-SiO, is produced by heating suitable mixtures to 
1450°C. (2642°F.); this compound dissociates very little 
unless CaSO, or CaF; is present, but Ca;PO,, MgO, or 
2CaO -SiO, does not cause dissociation. 

10. S. NaGar AND Maxizo Mryasaka, “Effect of 
Fluorides on the Thermal Synthesis of Calcium Silicates: 
I,” Jour. Soc. Chem. Ind. Japan (Suppl. Binding), 37 
[6] 303-306B (1934).—The effect of fluorspar and other 
F compounds on the thermal synthesis of silicates was 
studied. The raw mixtures were made from pure chemi- 
cals, CaCO; or CaO, SiO:, etc., in the molecular ratios 
1:1, 2:1, and 3:1 of CaCO, (or CaO):SiO,. The mixtures 
were heated with or without CaF, in a tube furnace. 
Most of the mixtures were made up with 1% of CaF:, 
but others varying from 0.25 to 5.0% were also prepared. 
The heated products were examined for free CaO, in- 
soluble residue (uncombined or free SiO,), total CaO, 
total SiO,, etc. Experimental results show that with a 
heating period of 1 hr. the addition of 1% CaF; lowers the 
heating temperature by about 200°C. (392°F.) for a 
ratio of 1:1 and that the combination of CaO and SiO, 
is considerably promoted by the presence of CaF,. The 
molecular ratio CaO:SiO, becomes almost 2:1 at about 
1000°C. (1832°F.). Experiments on the effect of heating 
time show that the molecular ratio CaO:SiO, decreases 
with increasing heating period. 

11. S. Nacar anp M. Mrvasaka, ‘‘Effect of Fluorides 
on the Thermal Synthesis of Calcium Silicates: II,” 
Jour. Soc. Chem. Ind. Japan (Suppl. Binding), 37 [8] 
419-21 (1934).—The effects of CaF; additions (0.25 to 
5.0%) to mixtures of 2CaCO,:1SiO, and 2Ca0O:1SiO, 
were investigated at temperatures of 1100° to 1400°C. 
(2012° to 2552°F.). CaF; exerted a beneficial influence 
on the formation of silicates, reducing the temperature of 
formation and increasing the amounts formed. Most of 
the CaF, remains in the product when heated at 1100° 
to 1200°C. (2012° to 2192°F.) but may vaporize at higher 
temperatures (1400° to 1450°C. (2552° to 2642°F.)). 
Many experimental data are presented. 

12. S. NaGcai anp M. Miyasaka, ‘Effect of Fluorides 
on the Thermal Synthesis of Calcium Silicates: III,’ 
Jour. Soc. Chem. Ind. Japan (Suppl. Binding), 37 [10] 
549-52 (1934).—Experimental data skow that 70 to 80% 
of the added tiuoride was retained in the dry heated prod- 
ucts, which is twice that retained in the hydrothermally 
heated products. 

13. S. AND YosHio Kosak1, ‘‘Effect of Fluorides 
on the Thermal Synthesis of Calcium Silicates: VI,’”’ Jour. 
Soc. Chem. Ind. Japan. (Suppl. Binding), 38 [6] 229-32 
(1935).—Mixtures of 2CaCO,:SiO, were heated at 1000° 
to 1400°C. (1832° to 2552°F.) for 1 hr., with and without 
the addition of 1% CaF;, and the heats were examined 
for free CaO, free SiO,, 3CaO-SiO,, 2CaO-SiO,, 3CaO-- 
2Si0,, and CaO-SiO,. With CaF, addition, 3CaO-SiO, 
is easily produced even at 1000° to 1400°C., but its amount 
decreases gradually at 1300° to 1400°C. (2372° to 2552°F.) 
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and it changes to 2CaO-SiO,. The total amounts of Ca 
silicates produced are considerably greater in the presence 
of CaF;. 2CaO-SiO, is also produced in far greater 
amount. The addition of 1% CaF, lowers the reaction 
temperature by 150°C. (302°F.) for the same degree of 
combination. The amount of CaF; remaining in the heated 
products is about 75 to 80% of the added amount. Ex- 
perimental data are given. 

14. S. Nacar anp Y. Kosak1, “Effect of Fluorides on 
the Thermal Synthesis of Calcium Silicates: VII,’’ Jour. 
Soc. Chem. Ind. Japan (Suppl. Binding), 38 [7] 294-98 
(1935).—A mixture of 2CaCO,;:SiO, was heated for 0.5, 
1, 2, and 4 hr. with and without the addition of 1% CaF». 
The longer heating period without CaF, was ineffective 
in regard to the formation of Ca silicates, while the addi- 
tion of CaF; greatly promoted the formation of 2CaO-SiO, 
and 3CaO-SiO, and increased the total amount of silicates 
by about 20%, which is equivalent to a lowering of the 
heating temperature of about 150°C. (302°F.). Increased 
amounts of CaF; prevented the complete combination by 
the formation of the eutectic between CaO-2Ca0O-SiO,- 
CaF;, and 0.5 and 1% of CaF; gave the best results. The 
most effective temperature for the formation of 3CaO-- 
SiO, with the addition of CaF, was found to be higher than 
1300°C. (2372°F.). 

15. Konpo Tossryosat YAMaucui, ‘‘Cal- 
cium Silicates: I, Synthesis,” Jour. Soc. Chem. Ind. 
Japan (Suppl. Binding), 36 [4] 167 (1933).—The effect of 
temperature on the chemical combination of c.p. CaO and 
SiO, in molecular ratios of 3:1, 2:1, 3:2, and 1:1 was 
studied. 3CaO-SiO; and 2CaO-SiO, of 100% purity and 
the other two silicates in very pure condition were ob- 


16. K. Hitp G. TROmBL, “‘Reaction of Calcium 
Oxide and Silicic Acid in the Solid State,” Z. Anorg. & 
Aligem. Chem., 215 [4] 333-44 (1933).—The reaction CaO 
+ SiO, was studied at 1000°C. (1832°F.) in the molecular 
ratio of 1:1, X-ray and microscopic examinations being 
made. The beta 2CaO-SiO, always forms first. This 
reacts with free SiO, still present to form wollastonite, 
beta CaO-SiO,. An unstable intermediate product, 
3CaO-2SiO:2, is also formed. With a short reaction time 
(5 min.) it is possible that the unstable alpha form of CaO-- 
SiO, is formed. 

17. WiLHELM JANDER AND ERNA HOFFMANN, “‘De- 
termination of CaO, 3CaO-SiO., 2CaO-SiO:, 3CaO-2Si0O,, 
CaO-SiO:, and SiO; When Existing Together,” Angew. 
Chem., 46 [4] 76-80 (1933).—Free CaO is determined by 
the formation of Ca glycerate, which, after separation 
from the undecomposed silicates, is titrated with HCl. 
If no 3CaO-2SiO, is present, 3CaO-SiO,, 2CaO-SiO,, 
and CaQO-SiO, together can be determined in aqueous 
solution by titration with HCI to neutrality when the tri- 
silicates and disilicates are decomposed quantitatively 
and any CaO-SiO, remains unchanged. If 3CaO-2SiO, 
is present, the other silicates must be determined in the 
presence of o-nitrophenol, and the Ca o-nitrophenolate 
must be titrated with an alcoholic HCl solution. The 
compound 3CaO-2SiO, is determined by the addition of 
HCl to a suspension, but since the decomposition is not 
quantitative, this introduces some difficulties. An error of 
about 3% is introduced in the analysis of the four silicates, 
but free CaO and SiO, are determined much more ac- 
curately, as is shown by test results which are appended. 

18. WILHELM JANDER AND ERNA HOFFMANN, “‘Re- 
actions in the Solid State at Higher Temperatures: XI, 
Reaction Between Calcium Oxide and Silicon Dioxide,’’ 
Z. Anorg. & Aligem. Chem., 218 [2] 211-23 (1934).—Mix- 
tures of CaCO; and SiO, in varying proportions were 
heated at 1000°C. (1832°F.) and 1200°C. (2192°F.). 
At the contact surface between a CaO crystal and a grain 
of SiO, there is first formed a skin thin crystalline layer of 
orthosilicate. For further reactions to occur, CaO must 
diffuse through the orthosilicate (2CaO-SiO,). If there 
is a great excess of CaO present and the temperature is 
sufficiently high, this diffusion occurs so rapidly that only 
a small quantity of a less basic silicate can be formed. If 
the temperature does not rise above 1300°C. (2372°F.), 
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only a small quantity of the most basic compound, 
3CaO-SiO,, can be formed at the boundary between 
CaO and 2CaO-SiO,. In the absence of excess of CaO or at 
lower temperatures, the possibility of forming 3CaO-2SiO, 
and CaO-SiO, is greater, and under these conditions the 
quantity of metasilicate increases. Orthosilicate finally 
disappears and finally only wollastonite remains. 

19. T. W. PARKER AND R. W. Nursg, “‘Microscopic 
Examination of Portland Cement Clinker,”’ Jour. Soc. 
Chem. Ind., 58 [8] 255-61 (1939).—Cement clinker is 
made up of two principal crystalline constituents (3CaO-- 
SiO, and 2CaO-SiO,) set in a matrix. Small needle- or 
spear-shaped crystals of 4CaO-Al,O;-Fe,0; and, more 
rarely, squares or triangles of MgO occur also in the 
clinker along with grains of free CaO. A mixture of equal 
volumes of ethylene glycol and absolute alcohol etches 
3CaO-SiO0, and free CaO; NH,OAc, or phenol in alcohol, 
as well as a 10% aqueous solution of MgSQ,, also, etches 
the same compounds. Exposure to HF vapor (from a 
40% solution) for 10 to 20 sec. etches 2CaO-SiO, ( a blue 
or red color) and 3CaQ-SiO, (a straw color). 

20. I. Weyer, ‘‘Reaction Between Lime and Silica 
in the Solid Phase,” Z. Anorg. & Allgem. Chem., 209 [4] 
409-28 (1932).—SiO, does not react directly with CaCO; 
but with the CaO formed by the decomposition of the 
latter. Below 735°C. (1355°F.), the primary product is 
not gamma 2CaO-SiO, but beta 2CaO-SiO., slowly 
going over into CaO-SiO, (wollastonite). From 815° to 
835°C. (1499° to 1535°F.), beta CaO-SiO, is formed di- 
rectiy, along with some beta 2CaO-SiO,. At higher tem- 
peratures, 1050° to 1250°C. (1922° to 2282°F.), beta 
CaO-SiO, only is obtained. These results are in agree- 
ment with Jander’s theory of a concentration gradient in 
the diffusion of the components. 

21. E. P. Fit anp LansING S. Wetts, “System 
Lime-Boric Oxide-Silica,” Jour. Research Nat. Bur. 
Standards, 17 [5] 727-52 (1936) ; R. P. 941.—The equilib- 
rium diagram for the system CaO-B,O,-SiO; is given. 
The portion of the diagram immediately adjacent to the 
binary system B,O,;-SiO,; is incomplete. A unique feature 
of the system is the appearance of an area of liquid im- 
miscibility extending across the diagram from the CaO- 
SiO, side to the CaO-B,O; side and crossing the fields of 
SiO,, CaO-B,0O;, and CaO-2B,0;. A newly established 
ternary compound, 5CaQO-B,O;-SiO:, melts congruently at 
1419°C. (2586°F.). Tricalcium silicate does not appear at 
the liquidus in the ternary system. Dicalcium silicate forms 
partial solid solutions with Ca borates whereby the alpha- 
beta inversion temperature is lowered by a maximum of 
190°C. (374°F.). The evidence indicates that additions of 
small quantities of B,O; to the Portland cement raw mix 
before ‘‘burning’’ would not be advantageous. 

22. ArtHuR L. Day, E. S. SHEPHERD, AND F. E. 
Wricat, ‘‘Lime-Silica Series of Minerals,”” Amer. Jour. 
Sct., |4 122, 265-302 (1906).—Of the lime-silica series only 
one well-defined mineral, wollastonite, is known. Three 
others correspond to the hypothetical silicic acids, 4CaO -- 
3Si0,, 2CaO -SiO,, and 3CaO-SiO,. Wollastonite has been 
studied (Allen, White, and Wright, ‘“‘Wollastonite and 
Polymorphic Forms of Calcium Metasilicate,”’ ibid., [4] 
21, 89 (1906)). When lime (free) is once crystallized, it 
is slowly attacked by water and may be overlooked in 
ordinary testing. The orthosilicate exists in three forms, 
and all are attacked by water with the loss of several per 
cent of their lime. Tests were made on chemically pure 
materials. Summary: There are only two definite com- 
pounds of lime and silica capable of existing in contact 
with the melt. They are (1) the pseudohexagonal meta- 
silicate melting at 1512°C. (2754°F.) and inverting into 
wollastonite at about 1200°C. (2192°F.); the metasilicate 
is able to take up a small amount of either lime or silica 
in solid solution; and (2) the orthosilicate of calcium, 
which melts at 2080°C. (3776°F.) and possesses three 
polymorphic forms. The alpha form, which crystallizes 
in the monoclinic system, has a density of 3.27 and a hard- 
ness of between 5 and 6. The beta modification crystal- 
lizes in the orthorhombic system and has a density of 
3.28. The gamma modification has a density of 2.97 and 


also crystallizes in the monoclinic system. The disinte- 
gration or ‘“dusting’’ of the orthosilicate and of all lime- 
silica mixtures above 51% lime is due to the 10% volume 
change accompanying the beta =? gamma inversion. 
The alpha to beta inversion point occurs at 1410°C. 
(2570°F.), and the beta to gamma, at 675°C. (1247 °F.). 

There are three eutectics in the series: tridymite + the 
metasilicate at 37% CaO, 1417°C. (2583°F.); the meta- 
silicate + orthosilicate at 54% lime, 1430°C. (2606°F.); 
and orthosilicate + lime at 67'/,% lime, 2015 °C. (3659 °F.). 
The orthosilicate is readily attacked by water, which dis- 
solves out the lime in large quantities. This is probably the 
reason why it is not found as a natural mineral. The 
density of fused CaO is 3.32; its hardness, 3+. It fuses 
in the electric arc, but its fusion temperature is not ac- 
curately measurable. Lime crystallizes in the isometric 
system and possesses no apy forms. Silica begins 
to melt at about 1600°C, (2912°F.) to an extremely vis- 
cous liquid, so that an exact melting point cannot be 
determined. It has been shown that for all temperatures 
above 1000°C. (1832°F.), pure quartz changes into tridy- 
mite, and pure quartz glass crystallizes as tridymite; 
above this temperature tridymite is unquestionably the 
stable phase. In the presence of fused chlorides, silica 
crystallizes as quartz at temperatures up to 760°C. 

(1400°F ) and as tridymite above 800°C. (1472°F.); 

crystalline quartz inverts to tridymite above 800°C. 
and tridymite goes back to quartz at 750°C. (1382°F.). 
The inversion temperature is therefore about 800°C. 
(1472°F.), and the change is enantiotropic. The density 
of artificial tridymite was found to be 2.318, and that of 
quartz glass, 2.213. The pure natural quartz used had a 
density of 2.654; that of the artificial crystals was 2.650. 
Neither the salt of the trisilicic acid, 2CaO-3Si0O,, the 
akermanite analogue, 4CaO -3SiO;, nor the tricalcic silicate, 
3CaO -SiO:, can exist in the two-component system. The 
optical evidence gained by the microscopic study of the 
crystallized products of mixtures of silicon dioxide and 
calcium oxide in variable proportions confirms the pyro- 

metric measurements in the following particulars: (1) 
that silica, calcium metasilicate, calcium orthosilicate, 
and calcium oxide are the only compounds in the series; 
(2) that two different modiiications of silica exist and 
correspond in their properties to the minerals quartz and 
tridymite; that the metasilicate crystallizes in two enantio- 
tropic varieties, one of which is identical with the mineral 
wollastonite in its characteristics; that three enantiotropic 
phases of the orthosilicate exist and are stable at different 
temperatures; and (3) that the metasilicate forms solid 
solutions both with silicon dioxide and with orthosilicate 
over limited ranges. The experience gained in the course 
of the examination of these and other laboratory prepara- 
tions indicates that the best results can be obtained by 
observing them in powdered form immersed in liquids of 
different refractive indices and not in thin sections em- 
bedded in Canada balsam. In a liquid whose refractive 
index is equal to that of one of the component substances 
of the product, the differences in homogeneity in the prod- 
uct are more readily discerned than in a thin section; 

at the same time one of the optical constants of the sub- 
stance is ascer 

23. W. C. HANSEN AND R. H. Bocug, “‘System CaO- 
Fe,0;-SiO;,”" Jour. Amer. Chem. Soc., 48, 1261-67 (1926). 
—Three fields in the CaO-Fe,0,-SiO, system were studied, 
and equilibrium diagrams were drawn. No optical evi- 
dence of the existence of ternary compounds was found, 
but the existence of 3CaO-SiO, was confirmed. The in- 
version of 2CaO-SiO, to the gamma form takes place in 
cooled charges of CaO-Fe,0,-SiO, except where the concen- 
tration of the CaO-Fe,O,; compounds is high. Fe,O,; in 
Portland cement may be present as crystalline 2CaO- Fe,O; 
or CaO- Fe,Os. 

24. W. C. Hansen, “Phase Equilibria in the System 
2CaO -Si0.-MgO-5CaO -3AlL,0;,”" Jour. Amer. Chem. Soc., 
50 [8] 2155-60 (1928).—A study of this system was made 
to determine the condition of MgO in cement. Samples 
in which the 2CaO-SiO, varied from 3 to 48.1%, MgO 
varied from 2 to 11.2%, and 5CaO-3Al,0, varied from 40.7 


276 


to 95% were melted in Pt and powdered. Portions of 
these samples were quenched from temperatures between 
1290°C. (2354°F.) and 1475°C. (2687°F.). The portions 
were examined as ogy Tables and graphs re- 
port data on 42 quenchings. MgO does not form solid solu- 
tions in 2CaO- “SiO, or in -BAl,0;, nor is it capable 
of replacing CaO in these compounds. 

25. James W. Craic, ‘Manufacturing Magnesitic 
Brick in Canada,” Jour. Can. Ceram. Soc., 7, 25-35 
(1938). —Magnesite rock is converted into dead-burned 
clinker by firing in rotary kilns to 1788°C. (3250°F.). 
The reactions in the kiln are as follows: (1) the carbonates 
decompose, giving off CO,; (2) the Fe,O; combines with 
CaO to form a fusible substance called the setting agent; 

3) the SiO, combines with CaO to form 2Ca0O-SiO,; 
4) Fe is gradually adsorbed by MgO and forms periclase; 
5) the MgO is rendered resistant to the action of moisture 
and CO, by its crystal structure and dissolved Fe,Qs. 
The brick may have either a chemical or a ceramic bond. 
The forsterite brick is an improvement over either magnesite 
or chrome refractory as to load-bearing properties and 
spalling but is not so resistant to high-Fe slags and dust 
as is the 2CaO-SiO, bond. Basic brick consists essentially 
of magnesia, chrome, and silicates, separate or in combina- 
op. Mineralogically, the Austrian magnesite consists 

of periclase, magnesioferrite (MgO-Fe;0;), and silicate 
fluxes. This brick is characterized by resistance to basic 
slags, high fusion point, poor load resistance at high tem- 
peratures, and poor spalling resistance. Improved spalling 
resistance has been obtained by substitution of a chemically 
bonded brick for a fired one and by the correct proportion- 
ing of chrome ore and magnesite. Magnecon brick is 
made by combining magnesite and chrome ore and is 
characterized by resistance to basic slags, high fusion 
point, good load resistance at high temperatures, and ex- 
cellent spalling resistance. Lime-bearing magnesitic 
brick shows a better resistance to slag erosion than lime- 
free brick. The phase relations are shown by the equilib- 
rium diagram of the system CaO-MgO-SiO,. 

26. P. P. Bupnrkov E. I. Krecu, “Effect of 
Chlorine on Some Calcium Silicates,”” Ukrain. Khem. 
Zhur., 12, 183-89 (in English 189) (1937).—The action of 
Cl upon pure CaO as well as CaO-SiO, and 2Ca0O-SiO, 
calcined at 1430° to 1470°C. (2606° to 2678°F.) begins 
at 18° to 23°C. (64.4° to 73.4°F.), and the extent of 
chlorination is increased with increase in temperature, 
lowering of the temperature of calcination, and reduction 
of the particle size. Analytical results show the presence 
of free CaO in all compounds used. 

27. K. Konopicky ANp H. ‘‘Sintered Mag- 
nesite: I, Determination of the Constituent Minerals,” 
Ber. Deut. Keram. Ges., 17 [10] 465-83 (1936).—The 
probable constituents in a sinter containing MgO over 
80, Fe,O; 3 to 11, SiO, 4, Al,O; 2, and CaO 5% were in- 
vestigated by heating pure oxide mixtures of various com- 
positions at 1500°C. (2732°F.) for 1 hr. In the absence 
of CaO, the compounds are 2MgO-SiO, and MgO- Fe,Q;. 
These are obtained by extraction with hot 10% aqueous 
NH,NO; which leaves the two minerals as an insoluble 
residue and dissolves only MgO. In the presence of CaO, 
Fe,0; and 2CaO-Fe,O; (and compounds with MgO-- 
Fe,O;) are formed. These are separated by extraction 
with saturated aqueous sodium tartrate, which dissolves 
the CaO compounds. The latter also absorb S (in the 
ratio 3S: 1Fe,0;) from Na,S and assure a dark-green color. 
As the SiO, content increases, the amount of CaO-MgO-- 
Fe,O; decreases and disappears entirely when the CaO:- 
SiO, ratio is 1:1. As long as CaO-Fe,O; compounds are 
formed, part of the SiO, is present as 2CaO-SiQ,, but in 
the presence of an excess of SiO:, monticellite (CaO-Mg0O-- 
SiO.) is formed. A mixture of MgO-Fe,O0; and CaO does 
not react completely after 1 hr. at 1500°C. (2732°F.), 
but a corresponding mixture of MgO and CaO-Fe,0; 
reacts very readily. 

28. K. Kownopicxy, ‘Sintered Magnesite: II, Re- 
action During Sintering,’’ Ber. Deut. Keram. Ges., 18 
[3] 97-106 (1937).—Pressed mixtures of MgO, CaO, and 
Fe,O; were heated 1 hr. at 1300°, 1400°, and 1500°C. 
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(2372°, 2552°, and 2732°F.). The first reactions at low 
temperature form chiefly MgO compounds, e.g., MgO-- 
Fe,0; at 1300° to 1400°C. (2372° to 2552°F.). Only at 
1500°C. does 2CaO-Fe,O; appear. The presence of SiO, 
has no effect at 1300°C., but at 1400°C. 2MgO-SiO, and 
2CaO-SiO, begin to form. At 1500°C. no free SiO, re- 
mains, and 2CaOQ-SiO, increases at the expense of 2CaO-- 
Fe,0O;. The presence of 2CaO-Fe,O; causes marked 
sintering of MgO at 1300° to 1400°C. MgO takes MgO -- 
Fe,O; into solution at 1500°C. and, on cooling, the ferrite 
separates again as a mossy structure. 

29. K. Kownopicky, ‘Sintered Magnesite: III, Sin- 
tering Processes in Magnesites with Unequal Distribution 
of the Constituents,’’ Ber. Deut. Keram. Ges., 18 [9] 419-27 
(*937).—Raw magnesites were coated in the lump form 
with various fluxing materials (CaO, Fe2:O;, SiOx, slag, etc.) 
and calcined at cones 17 to 18 (1466° to 1485°C. (2670° 
to 2705°F.)). Only those materials rich in 2CaO-Fe,O; 
and poor in SiO, caused a good sintering throughout the 
magnesite lumps. This is in agreement with the observa- 
tions that raw magnesites sinter well only if their ground 
mixture consists of an isomorphous mixture of the car- 
bonates of Mg, Fe, and Ca and that the sintering behavior 
of a magnesite is affected only slightly by the presence of 
macroscopic pockets or seams of SiO,, MgO-SiO,, MgCO;-- 
CaCO;, etc., which do not themselves sinter. Such 
unsintered impurities may be removed from the crushed 
sinter by suitable, e.g., magnetic, physical treatment. 

30. M. E. Hotmes, W. J. McCauGuey, G. A. 
Bo eg, ‘‘Dolomitic Clinker as a Stable Basic Refractory,” 
Rock Products, 32 [15] 59-67 (1929).—In general, dolomitic 
clinkers fused above 2015°C. (3660°F.) consist of a non- 
homogeneous aggregation of crystals of periclase, 3CaO-- 
SiO,., 2CaO-SiO:, CaO, and calcium ferrite all bonded with 
glass. With few exceptions the crystals are small and 
poorly defined and are not uniformly distributed through- 
out the mass. All of these clinkers show a tendency to 
slake upon exposure to warm moist atmosphere. Some 
of them when heated in steam under pressure will slake 
to a powder in a few minutes. The system dolomitic 
limestone (MgO-Ca0O)-iron oxide-silica was studied, and 
the effect of substituting Al,O; for Fe,O; was determined. 
The mixture of stone and fluxes was ground to a fineness 
of 100% through 100-mesh. The slurry was dewatered, 
molded into adobes, and dried. The adobes were fired at 
cones 18, 20, and 26 (1485°, 1520°, amd 1595°C. (2705°, 
2770°, and 2900°F.)) for 19 to 30 hr. The stability of the 
product was determined by introducing weighed speci- 
mens into an autoclave containing water, heating to 160°C. 
(320°F.) in 1 hr., cooling in 10 min., and determining the 
extent of slaking. This procedure was repeated as often 
as mecessary. The experiments showed that a stabie 
product contains over 0.5% FeO; and not iess than 5% 
and not over 8 to 12% SiO... Some iron oxide, or equiva- 
lent, is necessary in order that the SiO, may function, but 
more than a very small amount has no effect other than to 
reduce the degree of heat treatment required to mature 
the clinker. Substituting alumina for the iron oxide gives 
substantially identical results. Clinkers containing 5% 
SiO, or less, except when the FeO; is very low, slake 
from hydration of the lime. Clinkers containing a mini- 
mum of 8 to 12% SiO, dust to a powder in the manufactur- 
ing operation. 

31. E. C. Hire anp G. Sover, ‘Refractories for Elec- 
tric Furnaces,” Brick & Clay Record, 94 [6] 48, 50, 52, 54; 
95 [1] 52-54 (1939).—In the basic electric furnace the 
refractories are subjected to conditions similar to those 
found in open-hearth melting, but the slags are more 
fluid and more corrosive. The penetration of unstable 
beta 2CaO- SiO, with its subsequent inversion to the stable 
gamma form on cooling will cause disintegration of the 
furnace bottom. Continuous operation will prevent the 
hydration of CaO and the inversion of the silicate. Fur- 
naces with one slag practice are not susceptible to dis- 
integration since the slag carries appreciable quantities of 
sesquioxides which stabilize the beta 2CaO-SiO,. 

32. Fevrx SINGER, ‘Water-Resisting Dolomite Brick; 
Their Use in War Times,”’ Brit. Clayworker, 48 [567] 
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115-20 (1939); Ceram. Age, 35 [2] 40-42, 54-57 (1940).— 
Rotary kilns operating at 1700°C. (3092°F.) are used to 
sinter the raw material. Free CaO will hydrate when ex- 
posed to air or H,O and cause disruption. Various fluxes 
enable the CaO to become dead-burned and more resistant 
to the action of HO. The fluxes are siliceous rocks, clays, 
labradorite, serpentine, Mn, chromite ore, slags, Portland 
cement, iron hammer scales, bauxite, quartz powder, 
borates, etc. The sintered material fired with the addi- 
tion of these fluxes is crushed, prepared with H,O, fluxes 
and H,0O, or organic binders, and fired in kilns. The best 
brick will disintegrate if boiled in H,O or stored in a 
humid atmosphere. Dolomite brick have a higher re- 
sistance to load at higher temperatures than magnesite 
brick. The difference in mechanical strength is due to the 
reaction of SiO, and Fe,O; with MgO, forming 2MgO-SiO, 
and magnesia ferrosilicate. Forsterite melts at 1810°C. 
(3290°F.), and the silicate melts at 1350°C. (2462°F.). 
This low-melting silicate causes the collapse of the mag- 
nesite brick, as the load-bearing properties depend upon 
the matrix. Dolomite brick contain CaO, MgO, SiO:, 
and Fe,O;. During firing, 2CaO-SiO, is formed and melts 
at 2130°C. (3866°F.). The binding matrix is more re- 
fractory and increases the load-bearing properties. The 
slag resistance is also superior, as reactions between 
2CaO-SiO, and CaO form 3CaO-SiO, which melts at 
2190°C. (3974°F.) and is more refractory than the original 
binding material. The H,O resistance of the sintered 
brick is much higher than that of brick made from the 
raw dolomite, and the brick may be stored for periods up 
to 6 weeks without hydration. 

33. Y.Sanapa, ‘Magnesia in Portland Cement: VII, 
Effect of MgO on the Preparation of Calcium Silicates,”’ 
Jour. Soc. Chem. Ind. Japan (Suppl. Binding), 41 [1] 
10B (1938).—At 1400°C. (2552°F.) the compound Ca0O-- 
MgO-SiO, was formed when the CaO/SiO, molar ratio 
was below 2. When it was above 2, the MgO existed free. 

34. A. V. TERESHCHENKO AND O. M. Marcutis, 
‘‘Manufacture of Dolomite Brick,’ Zitein Tesco, No. 2268, 
6 pp. (1936); abstracted in Referat. Silikatliteratur, 4 
[3] 3841 (1937).—Crushed raw dolomite with additions 
of open-hearth slag was mixed, shaped, and fired to 1650°C. 
(3002°F.). The fired mix was ground, and 4% linseed oil 
was added. The mix was then pressed, dried for 3 days, 
and fired to 1450°C. (2642°F.) in an oxidizing atm. The 
brick had a refractoriness of over cone 40 (1884°C. (3423° 
F.)), resistance to load of 4.5 kgm. per sq. cm. at 1410°C. 
(2570°F.) and 2 kgm. per sq. cm. at 1500°C. (2732°F.), 
water absorption of 6.5%, porosity of 18.3%, specific 
gravity of 2.75, and hardness of 6.5. 

35. G. V. KuKo.ev anp I. E. Dupavsktl, “Sintering 
Process of Highly Refractory Materials: I,’ Ukrain. 
Nauch.-Issledovatel. Inst. Ogneuporov & Kislotouporov, 
No. 45, pp. 1-37 (1939).—A method of sintering highly 
refractory materials (containing silicates of Ca and Mg) 
at lower temperatures, for a shorter time, and with a 
smaller flux content (3.5 to 4% R,O,;) in the mixes was 
developed. It is called the ‘‘method of active components.”’ 
The method was used in three ways: (a) introduction into 
the mix of a dispersing material consisting chiefly of gamma 
2CaO-SiO., (b) introduction of natural silicates of Mg, 
and (c) introduction of double silicates of Ca and Mg. 
Five types of highly refractory materials were produced: 
(1) a calcareous refractory (consisting chiefly of 3CaOQ-- 
SiO.) based on CaO and sand as raw materials and the 
dispersing product gamma 2CaO-SiO,; (2) a lime-dolo- 
mite refractory (consisting chiefly of 3CaO-SiO, and MgO) 
based on CaO, sand, and dolomite and the same dispers- 
ing product; (3) a refractory composed chiefly of 3CaQO-- 
SiO, and MgO produced from a raw material called 
“‘zgmeevik”’ (a silicate of Mg) and dolomite; (4) a refrac- 
tory composed chiefly of 2CaO-SiO, and MgO based on 
dolomite and sand and synthetic diopside as an active 
component, containing Fe in solid solution; and (5) a 
refractory composed of 3CaO- SiO, and MgO on the base of 
dolomites and sand and the same active component. The 
refractories obtained possess a high density and high 
indices of incipient and final softening. Especially high 
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indices were shown by the “‘zmeevik”’ dolomite refractories 
(incipient softening under load at 1620°C. (2948°F.), 4% 
shrinkage at 1700°C. (3092°F.), and 14% shrinkage at 
1750°C. (3182°F.)). 

36. OvaF ANDERSEN AND Harvey C. Les, ‘‘Proper- 
ties of Tricalcium Silicate from Basic Open-Hearth Steel 
Slags,”” Jour. Wash. Acad. Sct., 23, 338-51 (1933); cf. 
A. Guttmann and F. Gille, ‘‘Microstructure of Trical- 
cium Silicate and Its Importance in Cement Technique,”’ 
Zement, 22 [16] 204-207; [28] 383-88; [29] 402-405 
(1933); Ceram. Abs., 13 [4] 79 (1934).—The physical 
and chemical properties of most of the constituents 
of the slags were investigated from the study of well- 
developed crystals at the laboratory of the U. S. Steel 
Corp. This paper deals particularly with 3CaO-SiO,:, 
which occurs as a main constituent with 2CaO-SiO, 
and with periclase (MgO), a magnetic oxide, and a lime- 
bearing ferrite. The light olive-green or brown crystals of 
3CaO-SiO, belong to the trigonal system and have a 
rhombohedral development. The most prominent form 
on all crystals is the basal pinacoid C (0001). It is as- 
sumed that their symmetry is of the di-trigonal scale- 
nohedral class. Preliminary work on the study of struc- 
ture by means of X-ray diffraction patterns indicates that 
the unit cell is rhombohedral and the crystallographic 
ratio of c:a = 1.773. Cleavage is poor and parallel to the 
base; hardness is slightly higher than 5. Optical proper- 
ties are given in detail. Examination of polished sur- 
faces shows that the 3CaO-SiO, can easily be distinguished 
from its most important associate, 2CaO-SiO,, and that 
all the other constituents can readily be recognized. 

37. N.H. WINcHELL AND A. N. WINCHELL, Elements 
of Optical Mineralogy: Part Il, p. 165. John Wiley & 
Sons, Inc., New York, 1927.—Shannonite is strongly 
attacked by water with a solution of lime. It is readily 
soluble in weak HCl. 

38. E. T. Carson, “‘Decomposition of 3CaO-SiO, 
in the Temperature Range 1000° to 1300°C. (1832° to 
2372°F.),”" Bur. Standards Jour. Research, 7 (5| 893-902 
(1931); R. P. 381.—Tricalcium silicate tends to dissociate 
into 2CaO-SiO, and CaO when heated between 1000°C. 
(1832°F.) and 1300°C. (2372°F.). The amount of decom- 
position reaches a maximum at about 1175°C. (2147°F.). 
The decomposition of 3CaO-SiO, is accelerated by the 
presence of 2CaO-SiO,, CaO, and CaSO,. 

39. A.I. Korsuunova, “‘Dicalcium Silicate,” Vsesoyus. 
Nauch.-Issledovatel. Inst. Tsementov, No. 17, pp. 34-39 
(1937).—A mixture of pure CaO, purified quartz powder, 
and boric acid heated to 1420°C. (2588°F.) gave a white, 
hard, and lustrous crystallized mass containing SiO, 34.12, 
CaO 63.94, and B,O; 0.5%. Petrographic analysis showed 
the presence of 90 to 95% of beta 2CaO-SiOx. 

40. B. S. Suvetrsov, M. A. Marveev, Anp Yu. P. 
Smanov, “Apparatus for Luminescence Analysis and Its 
Use for the Examination of Silicates,’’ Keramika, 1939, 
No. 8, pp. 5-12.—An a. c. mercury vapor-quartz lamp of 
380 to 400 w. is equipped with a filter that transmits 
ultraviolet rays and with a device for microscopical ob- 
servation. The apparatus can be used for determining, 
in slags to be used as rubble, the stability against silicate 
decomposition due to the transition of beta 2CaO-SiOQ, 
to gamma 2CaO-SiO,. Stable slags give a homogeneous 
dark-violet or dark-brown (more rarely bright-violet) 
luminescence. Older slags sometimes show isolated gold- 
yellow or silver-white patches or efflorescences due to 
weathering. Unstable slags show a light breakage sur- 
face, multiple iridescent white-yellow and bright-yellow 
points on a bright-violet ground, and sometimes also 
rust-brown patches with light-brown points. The method 
can be used also for determination of the extent of mulliti- 
zation of fused mullite ware, refractories, porcelain, and 
other ceramic ware. 

41. H. E. Anp H. zur STRASSEN, “Properties 
of Cements Rich in Magnesia,’’ Zement, 25 [49] 843-46, 
861-65, 879-82 (1936).—Equilibrium conditions between 
CaO, MgO, Al,Os, Fe,O;, and SiO, do not permit MgO to 
combine with the acidic oxides unless there is not sufficient 
CaO present to satisfy them completely. 3CaO-SiO, does 
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not appear until both Al,O; and Fe,O; are fully satisfied 
with lime. MgO exists only in the free state as periclase, 
if 3CaO-SiO, is present. MgO may be included as a mixed 
crystalline phase with 4CaQ-Al,O,-Fe,O; up to 2% by 
weight of the latter. These mixed crystals are the cause 
of the green color of clinker. The lime compounds nor- 
mally form in the following manner: 2CaO-SiO,, 4CaO-- 
Al,O;-Fe:03, 3CaO- Al;O;, 2CaO- Fe:0;, 3CaO-SiO,; MgO 
remains uncombined. With undersaturation of CaO, some 
MgO may appear as spinel, MgO-(Al,Fe),0;, provided no 
3CaO-SiO, is present. The reactivity of MgO combined 
with SiO,, as in blast-furnace slag, is such that at clinker 
temperatures the MgO is completely replaced by CaO. 
A late stage in this process is the formation of merwinite, 
3CaO-MgO-2Si0,. It is believed that the recommenda- 
tions of Balthasar (Tonind.-Zig., 56, 1016-17 (1932)) are 
effective in reducing the activity of MgO in cement, viz., 
addition of Fe,O,; and increase of temperature and time of 
burning. These do not assure freedom from unsoundness, 
however, over protracted periods of contact with H,O. 

42. G. A. Borg, ‘‘Utilization of Dolomite for Refrac- 
tories,” U. S. Bur. Mines Repts. Investigations, No. 2627, 
1l pp. (1924).—Results of tests made on the dolomites 
indicate that (1) by using the proper fluxes in proper 
amouuts it is possible to dead-burn dolomite, when prop- 
erly sized and under proper heat-treatment, to a grain 
that will not slake, (2) several binders for the ground 
grains give promise, y dextrine and Na silicate, 
and (3) it is possible to form ware by either the semidry or 
the slip mold method. Details and analyses are given. 

43. J. Brep, ‘Our Knowledge of the Refractory Prod- 
ucts Industry,” Chim. & Ind., 1, 579-600 (1918).—B. re- 
views the progress, during the war, of the French refrac- 
tory products industry. Dolomitic brick are given con- 
siderable space. Slaking before use may be reduced 
considerably by the addition of 5 to 6% kaolin before 
firing the carbonate. 

44. S. D. MaxkasHev anp K. K. KHAZANOVICH, 
“Reactivity of Silica at Temperatures at Which Portland 
Cement Clinker Is Fired,” Vsesoyuz. Nauch.-Issledovatel. 
Inst. Tsementov, No. 18, pp. 36-56 (1937).—The processes 
of mineral formation of 2CaO-SiO, in the system CaO-SiO, 
depend on the grain size of the silica introduced into the 
raw mix. 

45. V. V. Lapr, ‘‘Petrography of Ferrochromium 
and Ferrotungsten Slags,” Trudy Petrograf. Inst. Akad. 
Nauk S.S.S.R., No. 11, pp. 127-43 (1937); Mineralog. 
Abs., 7, 284-85 (1939). —A Fe-Cr slag consists of Mg-Cr 
spinel, melilite, and alpha 2CaO-SiO,; the accumulation 
of spinel in the lower part is attributed to gravitational dif- 
ferentiation. In another slag there was intergrowth of 
monticellite and pyroxene. 

46. Reruart, ‘Refractories of Limestone and Dolo- 
mite,” Tonind.-Zig., 63 [2] 15-16; [3] 29-30 (1939).— 
Ca orthosilicate, melting at 2130°C. (3866°F.), must be 
stabilized against inversions by the addition of phosphate 
and borate and against hydration by the presence of oxides 
of Fe, Cr, and Mn. Addition of MgO yields a basic re- 
fractory. Proportioning is discussed. 

47. <A. T. Kveinperc, ‘‘Mineralogy of Lime Refrac- 
tories,” Ogneupory, 6 [10] 1547-51 (1938).—The firing of 
CaO-Fe,0;-SiO, batches leads, in an oxidizing medium, to 
the formation of 2CaO-SiO., 3CaO-SiO., and 2CaO-Fe,O; 
and, in a reducing medium, to the formation of ferrous 
oxides. In firing CaO-Fe,O,; batches, 2CaO-Fe,0; forms 
in the first case, and in the second case, Fe,O; is reduced to 
metallic Fe. 

48. D. A. Nrrensutetn, “Stabilization of Dolomite 
Calcined at High Temperatures and the Problem of Dolo- 
mite Refractories,’ Ogneupory, 6 [10] 1494-1507; [11] 
1572-87 (1938).—N. undertook an investigation to deter- 
mine the qualitative and quantitative effect of SiO:, 
Al,O;, and Fe,O; on the properties of calcined dolomite, to 
study the physicochemical processes taking place in cal- 
cining dolomites and the influence of the various oxides, to 
study the effect of the calcining temperature on the prop- 
erties, and, based upon these investigations, to determine 
the properties of calcined dolomites containing different 
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amounts of the above fluxes and the compositions giving a 
highly refractory product, noncrumbling when cooled, as 
stable to the influence of moisture as magnesite, and possess- 

ing a hardness of about 6 (Mohs’ scale). It was found 
that dolomites containing only one of the above oxides are 
unsatisfactory. Silica (if present in an amount needed 
to form 3CaO-SiO, with the CaO of the dolomite) forms, 
owing to incompleteness of the reaction, 2CaO- -SiO,, 
whose inversion leads to crumbling during cooling. If the 
SiO, content is lower, the free CaO remaining leads to 
instability, owing to the effect of moisture. A high con- 
tent of SiO, alone gives low mechanical s Alumina 
is the most effective flux. Its presence in amounts needed 
to convert all CaO to 3CaO-Al,O; leads to a decrease in 
refractoriness; with lower amounts, too much free CaO 
remains. Besides 3CaOQ-Al,O;, Mg aluminates are formed. 
In some mixtures giving a product satisfying the above re- 
quirements, the amount of Al,O; combining with CaO is 
only 45% of its total content in the mixture. Iron oxide 
takes an intermediate position in its effect on decreasing 
refractoriness and on hardness. The presence of Fe,O; 
only in amounts necessary for complete combination with 
CaO leads to a decrease in refractoriness; if it is present 
in amounts not influencing the refractoriness, the free 
CaO causes instability owing to moisture. The amount of 
CaO combined with Fe,O; differs considerably from theory, 
approximating that combined with Al,O;. This accounts 
for the formation of hypothetical ferrite or of a solid solu- 
tion of CaO in 2CaO-Fe,0;; if the amount of free CaO 
decreases, it accounts for the formation of MgO-Al,O; by a 
part of the Al,O;. In no case was the compound 4CaO-- 
Al,O;-Fe,0; found. Stability to nioisture depends on the 
free CaO content, but to some extent also on density. The 
firing temperature of dolomites influences greatly the 
content of free CaO and the hardness of the product. 
The crumbling of dolomite upon cooling depends not only 
upon the SiO, content but also on the amount of fluxes. 
When SiO, is under 9%, even with different contents of 
Al,O;, no crumbling takes place. Highly refractory dolo- 
mite clinker can be obtained when the SiO, content is 6 to 
9% with a corresponding Al,O; content, or in the case of a 
7 to 9% SiO, content with a corresponding Fe,O, content. 
With Al,O; and Fe,O, alone, there is no possibility of ob- 
taining a satisfactory product. The required firing tem- 
perature is 1550° to 1600°C. (2822° to 2912°F.). Dia- 
grams show the properties of calcined dolomites containing 
different amounts of fluxes. 

49. J.T. Rosson anp J. R. “Dead Burn- 
ing of Dolomite: I,’’ Jour. Amer. Ceram. Soc., 7 [1] 
61-73 (1924).—Conclusions: (1) kaolin appears to be a 
fairly effective flux for dead-burning dolomite; (2) there 
are many com s and eutectics which may form among 
CaO, Fe,Os;, Al,O;, and SiO,; (3) CaO may combine 
with Fe,O; and act as a solvent for CaO as does also Ca 
aluminate; (4) the presence of Fe,O; is essential to dead- 
burn MgO to the stable form, periclase; (5) CaO is ren- 
dered inactive to H:O by calcination in the presence of 
impurities, ially SiO, and silicates; (6) the more 
MgO present in a lime, the slower it will slake. For Part 
II see ibid., [2] 141-50. 

50. A.B. SEARLE, Refractory Materials, Charles Griffin 
and Co., Ltd., London, 1917. Dolomite, pp. 120-21, 250. 
See reference ‘No. 149, p. 285. 

51. L. E. Ruivor, hong Mines, [5]10, 505 (1856); 
from Mellor,* Vol. 6, p. 347.—R. fused a mixture of lime 
and silica and then separated the free lime by washing. 
The product was made of 2CaO-SiOs:. 

52. D. Bavarerr, “Part Played by Water in Reac- 
tions Between Solids,” Z. Anorg. & Aligem. Chem., 134, 
117-24; 138, 349-56 (1924); from Mellor,* Vol. 6, p. 348.— 
B. found that the presence of water and of traces of 
HCI or H:S vapor favors the reaction between SiO, and 
CaO; air, H:, and CO, also favor the reaction. It is 


*J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry. Longmans, Green & Co., 
Ltd., London, 1925. 
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assumed in some cases that the gas forms a surface skin of, 
e.g., sulfide or chloride, which fuses easily and brings the 
two materials in better contact. In other cases, the sur- 
face molecules are loosened by the adsorption of the gas, 
and the effect is comparable with softening or melting. 

53. A. GorcEeu, Compt. Rend., 99,°257 (1884); from 
Mellor,* Vol. 6, p. 351.—G. found 2CaO-SiO, among the 
products of the action of steam on a mixture of silica and 
calcium chloride at high temperature. 

54. F. pE LALANDE AND M. Prup’Homme, Bull. Soc. 
Chim., [2]17, 290 (1872); from Mellor,* Vol. 6, p. 351. 

55. W. LOWENSTEIN, Ueber Lésungen von Kalk und 
Kieselsdure in geschmolzenem Chlorkalzium, Berlin, 
1909; from Mellor,* Vol. 6, p. 351.—In Nos. 54 and 55 
the authors obtained 2CaO- “SiO. by the action of heat on 
various mixtures of silica, lime, and calcium chloride. 

56. H. Le CHArevrer, ‘Recherches Experimentales sur 
la Constitution des Mortiers Hydrauliques,”’ Paris, 1884; 
New York, 1905; Ann. Mines, [8]11, 345 (1887); ‘‘Chemi- 
cal Reactions and Hardening of Hydraulic Mortars,” Bull. 
Soc. Chim., (2}42, 82 (1884); ‘Constitution of Cements and 
Theory of Their Hardening,’’ Compt. Rend., 94, 867 (1882); 
from Mellor,* Vol. 6, pp. 351, 353.—Le Chatelier found 
that calcium orthosilicate is readily decomposed by a hot 
or cold, dilute or concentrated, solution of ammonium 
salts. The action of acids is still more rapid. The decom- 
position by bicarbonic acid is much faster than is the case 
with the metasilicate. Hot or cold water has no appreci- 
able action; only a small proportion was dissolved after a 
month's action. 

57. E. T. ALLEN, W. P. Wurre, anno F. E. Wricur, 
“‘Wollastonite and Pseudowollastonite, Polymorphic Forms 
of Calcium Metasilicate,” Amer. Jour. Sct., [4]21, 89-108 
(1906). See reference No. 22, p. 275. 

58. C. Dog.ter, Sitsber. Akad. Wiss. Wien, 120, 339 


(1911); Tschermak’s mineralog. & petrog. Mitt., [2}10, 
83 (1888); from Mellor,* Vol. 6, p. 348. 
59. G.A. RANKIN AND F. E. Wricar, “T System: 


CaO—-Al,O0;-SiO2,”” Amer. Jour. Sci., 
from Mellor,* Vol. 6, p. 348. 

60. E.S. SHEPHERD, G. A. RANKIN, AND F. E. WRIGHT, 
“Binary Systems of Alumina with Silica, Lime, and Mag- 
nesia,”” Amer. Jour. Sci., [4]28, 293-333 (1909); from 
Mellor,* Vol. 6, p. 348 

61. E.S.SHepHerp,G. A. RANKIN, AND F. E. Wricur, 
“Preliminary Report on the Ternary System CaO—Al,O;- 
SiO,. Study of Constitution of Portland Cement Clinker,”’ 


[4]39, 1-79 (1915); 


Jour. Ind. Eng. Chem., 3, 211-27 (1911); from Mellor,* 
Vol. 6, p. 348. 
62. P. Nicci, “Recent Mineral Syntheses: III,” 


Fortschr. Mineral. Krist. & Petrog., 8, 69-89 (1923); from 
Mellor,* Vol. 6, p. 348. 

63. J. B. Fercuson anp H. E. Merwin, “Tern 
System CaO-MgO-SiO,,” Amer. Jour. Sct., [4)48, 81-123 
(1919); ‘“‘Wollastonite and Related Solid Solutions in the 
Ternary System CaOQ-MgO-Si0O,,”’ idbid., pp. 165-89; from 
Mellor,* Vol. 6, p. 348.—References Nos. 57 to 63, inclu- 
sive, deal with the thermal diagram of calcium oxide and 
silica. See reference No. 211, p. 289. 


PATENTS 


64. W.S. Rawson Anp R. D. Lirt_errecp, “‘Process of 
Manufacturing Refractory Materials,” U. S. 683,795, Oct. 
1, 1901.—Calcined magnesite is mixed with a small quan- 
tity of a fusible boron compound (boron trioxide or boric 
acid). For magnesite containing a little lime, about 2% 
of the boron compound may suffice, but when the magnesite 
contains a considerable portion of lime, the proportion of 
boron compound may have to be as much as 12%. The 
mixture is ground, moistened with water, molded, dried, 
and fired at a high temperature. 

65. W. ScuHumMAcHER, “Increasing the Binding. Power 
of Basic Calcium Silicates,”” U. S. 1,003,813, Sept. 19, 1911. 


* J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry. Longmans, Green & Co., 
Ltd., London, 1925. 
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—The binding power of basic calcium silicates can be 
increased by the addition of fine quartz powder, the total 
amount of silicate present in the mixture thus formed not 
to exceed the amount of lime, and by adding, if desired, 
other materials, such as lime, gypsum, asphaltum, and 
stearin, and subjecting the entire mass to the action of 
steam under pressure, 

66. A. Krigcer, ‘Refractory Stone Masses,’’ Ger. 
294,021, June 5, 1914.—The known magnesia blocks are 
expensive, and they soften and crumble under the in- 
fluence of heat. On the other hand, the highly refractory 
dolomitic stone cannot tolerate moisture since the CaO 
of the dolomite is slaked, causing deformation. In accord- 
ance with the present process, the lime of the dolomite is 
held in combination, while the MgO, to which is due the 
refractory nature and resistance to alkali, is Present in the 
free state. With these considerations in view, the dolo- 
mite is calcined with quartz or Mg silicates in such pro- 
portions that the lime of the dolomite is combined with the 
SiO, or silicates and the MgO remains in the free state. 
In calcining dolomite and MgO-SiO, in such proportions 
that the SiO, content corresponds to the CaO of the dolo- 
mite, stone masses are obtained which contain stili more 
MgO than does the mixture specified above. The con- 
version is as follows: MgO-CaO + MgO-SiO, = CaO-- 
SiO, -2MgO. 

67. Georce W. Patnos, ‘‘Dolomite Furnace Lining; 
Furnace Li and Method of Making,” U. S. 1,230,430, 
June 19, 1917; Can. 192,126, Aug. 12, 1919.—Magnesium 
limestone i is ground with 2 to 5% of argillaceous material 
containing Al,O;, SiO,, and Fe,O; until substantially all of 
the mixture will pass through a 100-mesh sieve, and it is 
then calcined at 1425° to 1650°C. (2597° to 3002°F.) 
and reduced to a dense sintered mass resistant to air and 
moisture. 

68. A. “Dolomite Brick, etc.,”’ Brit. 
113,199, May 3, 1917.—Brick, etc., are made by calcin- 
ing dolomite at 1050° to 1350°C. (1922° to 2462°F.) until 
it becomes semifused, hard, granular, and nonabsorbent, 
crushing, and mixing with about 1 to 5% of finely crushed 
dry SiO, or siliceous clay. The thoroughly mixed mass is 
dampened with H;O or other liquid or is mixed with hot 
dehydrated tar, molded, and heated in a kiln to the tem- 
perature of fusion of the SiO, or siliceous clay. The 
temperature is then raised and maintained slightly above 
that of fusion, then lowered below the fusion point, and 
finally slowly raised and maintained at the highest tem- 
perature attainable in the kiln. 

69. S.G. McANALLY, “Brick and Furnace Linings from 
Dead-Burned Magnesite,’’ U. S. 1,305,475, June 3, 1919.— 
Brick, etc., for furnaces are formed of dead-burned mag- 
nesite containing 16 to 18% of lime and 14 to 15% of 
oxides of Fe, Al, and Si. This material is suitable for 
lining steel furnaces. 

70. D. Tyrer, “Alumina,” Brit. 172,087, Aug. 24, 
1920.—Al ores or Al-containing materials such as clay, 
slags, or ashes are mixed with CaO or an equivalent Ca or 
Mg compound in such quantity that there are at least two 
mol. of CaO, etc., for every mol. of SiO, and in addition 
at least 1 mol. of CaO, etc., for every mol. of Al,O;. Allow- 
ance is made for any base that may be present. The 
materials are finely ground and then calcined; a flux such 
as fluorspar may be added. The product is treated with a 
solution of an alkali salt such as Na;CO, in order to give 
alkali aluminate and an insoluble Ca and Mg salt. The 
former is then treated for the production of Al,O;. The 
CaO -SiO, which is left after the extru.iion is particularly 
suitable in cement manufacturing, since it is free from in- 
soluble alkali salts. Any potash present in the raw mate- 
rial is rendered soluble and is recovered from the alkali 
left after the precipitation of the Al,O,. 

71. T. Hopson, J. Hopson, W. Hopson, anp T. A. 
Hopson, “‘Dolomite Brick,”’ Brit. 193,576, Dec. 17, 1921.— 
Dolomite brick are obtained by calcining dolomite, mag- 
nesite, or magnesian limestone, adding small quantities 
(about 15%) of igneous rocks other than granites and sye- 
nites, and in some cases a little basic Fe ore, mixing with 
H,O, molding, and firing at 2000°C. (3632°F.). Suitable 


280 Ceramic Abstracts 


igneous rocks are peridotites (including diorite and gab- 
bro), dolerites (including basalts), serpentines, trachytes, 
andesites, tachylytes, eurites, and rhyolites. If rocks of 
the last two classes are employed or if the dolomite con- 
tains more than 1% SiO, or 57% CaCO, it is necessary to 
add 3% basic iron ore, such as titanic iron ore, magnetite, 
hematite, or géthite. 

72. J. Hopson, ‘Refractory Materials for Lining Fur- 
naces, etc.,” Brit. 211,944, Nov. 28, 1922.—Refractory 
materials are formed from rocks containing MgCO; and 
CaCO, together with (a) tale or other Mg silicate, (5) ig- 
neous rocks with or without basic Fe ores, or (c) either a 
or 5 plus silica sand, e.g., SiO, 15, serpentine 5, raw dolo- 
mite 10, and calcined dolomite 70%. The materials may be 
molded with or without binder and then fired, or they may 
be fired to a plastic state and then molded. Raw mag- 
nesite 92.5, SiO, sand 5, and clay 2.5% may also be used. 

73. J. Hopson, “Refractory Materials,”’ Brit. 218,720, 
Jan. 7, 1924.—Natural or calcined CaCO; or MgCO; 
rocks are ciixed with materials for preventing hydration 
and fired at 1550° to 1800°C. (2822° to 3272°F.). The 
product is broken up or ground, treated with H,O or a 
binding liquid, molded, and fired at 1400° to 1500°C, (2552° 
to 2732°F.). To prevent hydration in the first part of the 
process, clay, shale, slate, steatite, SiO, sand, or igneous 
rocks such as dolerite, peridotite, and eurite may be used. 
Na silicate may be used as binder. 

74. A. SprReENGER, “‘Refractory Material for Furnace 
Linings, Crucibles, etc.,”” Brit. 340,958, Nov. 16, 1929.— 
Dolomite or the like is melted, and the molten slag is run 
off and may be cast into brick, etc., which may be tem- 
pered and annealed. Oxides of Cr or Al or silicic acid may 
be added, and the starting material may comprise mix- 
tures of dolomite, magnesite, and lime, magnesite and 
lime, or lime alone. 

75. Cerci S. Garnett, “Refractory Basic Brick from 
Dolomite,’”’ U. S. 1,751,234, March 18, 1930.—Dolomite is 
calcined until it contains 8 to 12% CO,; it is ground, 
treated with a material such as tale and orthoclase to- 
gether (serving to prevent hydration of the finished prod- 
uct), mixed with water, molded, dried, and fired. 

76. W. J. McCaucGuey (Basic Dolomite, Inc.), ‘Re- 
fractory Material for Furnace Linings, etc.,’’ U. S. 1,839,- 
982, Jan. 5, 1932.—A mixture formed from magnesian 
limestone and glauconite is fired at a high temperature to 
form a clinkered granular product. 

77. Ture R. Haciunp, ‘Refractory Material,” Fr. 
740,668, Aug. 2, 1932.—A refractory material containing, 
after solidification, at least 50% by weight of crystals of 
spinel from MgO is obtained by fusing a mixture contain- 
ing, besides spinels, at least 8% of compounds more 
easily fusible than the latter, such as silicates, titanates, 
or aluminates, the content of which in oxides of Mg and 
Ca is either a very small proportion or more than 45%. 

78. T. Cape AND Kiev B. Bowman (Republic 
Steel Corp.), ‘‘Stable Dicalcium Silicate Refractory 
Composition,”’ U. S. 2,015,446, Sept. 24, 1935.—A stabi- 
lized silicate refractory material suitable for use in metal- 
lurgical furnaces with ferrous metals contains about 65 to 
95% of lime, silica combined with a portion of the lime in 
the form of dicalcium silicate, and about 0.5 to 10% of a 
phosphate such as tricalcium phosphate or apatite capable 
of stabilizing the 2CaO-SiO,. Na and Ca borates may 
also be used. 

79. Konopicky, ‘‘Refractory Compositions,” 
Austrian 141,155, March 25, 1935; Cl. 80e—aA basic 
refractory material which has been sintered or fused, e.g., 
sintered MgO, is mixed with a binder or flux which consists 
mainly of CaO and Al,O;, with or without Fe,O;, and con- 
tains only subordinate proportions of acidic components 
such as SiO,. Alumina cement is a suitable binder. The 
mixtures may be molded and fired. 

80. C.S. GARNETT AND GARNETT BASIC REFRACTORIES, 
Lrp., “Refractory Compositions,” Brit. 368,798, Sept. 13, 
1930; U. S. 1,912,894, June 6, 1933.—Dolomite, calcined 
or uncalcined, is caused to react with substances, prefer- 
ably natural rocks, capable of retarding hydration of the 
finished article to give a material which is molded with a 
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nonaqueous liquid binder, e.g., oil, yielding little or no 
fixed C and fired. 

81. P. P. Bupnrkov D. A. Nrrensnretn, “Re- 
fractory Material,”’ Russ. 44,828, Oct. 31, 1935.—Com- 
minuted raw dolomite containing 5 to 8% SiO, is mixed 
with about 15% chrome iron ore, calcined, and ground to 
be used directly, for lining furnaces, etc., or for refractory 
brick with or without firing. 

82. JouN D. SuLttvan (Battelle Memorial Institute), 
“Fused Refractory,” Can. 373,653, May 10, 1938.— 
A refractory consisting of SiO., magnesia, lime, and Fe or 
Al oxide contains approximately 2 or 3% of Fe or Al oxide 
= has a molecular ratio of CaO to SiO, of approximately 

to 1. 

83. Herz H. Cuesny, ‘‘Magnesia Refractories,”’ Brit. 
482,340, March 24, 1938.—These are made by treating 
sea water or other natural brine containing convertible 
Mg salts with calcined dolomite or dolomitic limestone, 
which may be in the form of a slurry, without the applica- 
tion of heat, removing the precipitated Mg(OH):, and 
subjecting it to calcination to form a clinker. Substances 
suitable for binding agents may be introduced into the 
brine or slurry before precipitation, mixed with the pre- 
cipitate, or incorporated in the H,;O used for washing the 
precipitate. Suitable substances are compounds of Ca, Si, 
Fe, Al, Cr, or Zr. The preparation of a brick is described, 
wherein the clinker is crushed, sieved, and graded, the 
graded material being then remixed in the proper propor- 
tions, molded, and calcined. 

84. Non-Meratitic Inc., ‘Refractory 
Products,” Fr. 772,729, Nov. 5, 1934.—Refractory prod- 
ucts in which the MgO is agglomerated by Ca ferrite are 
obtained by heating a mixture giving MgO, not more than 
3% of SiO:, a compound of the nature of Fe oxide, and CaO 
in amount equal to twice the amount of SiO, plus an addi- 
tional amount sufficient to combine with the Fe oxide. 
Thus, the mixture may contain SiO, 1.2 to 2.2, Fe oxide 
4.7 to 9.7, and CaO 5.5 to 10.4%. 

85. Harvey C. Lee (Basic Dolomite, Inc.), ‘‘Refrac- 
tory Material Suitable for Use in Open-Hearth Furnaces, 
etc.,”” U. S. 2,078,086, April 20, 1937.—-Crushed dolomite 
particles of substantial size (suitably above 20-mesh) are 
coated with an adherent film of a clay binder and Fe oxide. 

86. Non-Mera.uic Minerats, Inc., “Refractories,” 
Fr. 804,367, Oct. 22, 1936.—MgO, CaO, and SiO, are 
heated to produce periclase and a durable Ca orthosilicate. 
The SiO, is in a finely divided or hydrated state. Impure 
MgO, with or without dolomite, may be used, and the 
ae material may contain small amounts of oxides of B, 
P, or Cr. 

87. C. (Non-Metallic Minerals, Inc.), ‘“Re- 
fractories,”’ Brit. 470,028, Aug. 9, 1937.—Refractory sub- 
stances containing Ca orthosilicate in substantial amounts 
and in a stable form, i.e., one that does not at low tempera- 
ture invert to the low-temperature modification, are made 
by heating materials that provide SiO, in a very finely 
divided or hydrated condition and CaO, the proportion of 
CaO to SiO, being 1.8 to 2.2:1. MgO in amounts of 35 
to 60% of the whole is also preferably present. In an 
example, dolomite 400, serpentine 160, phosphate rock 2, 
and H;BO, 0.5 parts are mixed, ground to a slurry, and 
fired at 1538°C. (2800°F.) for 90 min. to form a clinker 
which is crushed to contain a fairly large proportion of very 
fine material, mixed with H,O, and shaped under moderate 
pressure; the shapes set hard in 24 hr. and can be used as 
or refired at about 1454 °C. (2650 °F.). 

K. A. Manxau, “Refractory Products,” Brit. 
93,755, Oct. 17, 1912.—Refractory products are manu- 
factured by forming within them polyacid and polybasic 
spinels, i.e., spinels containing a number of bases of the 
RO type and a number of the oxides of the R,O; type, by 
calcining the dolomite or magnesite containing CaCO; 
with a small proportion (up to 6%) of an oxide such as 
bauxite which contains a certain amount of Fe,O;. Ina 
second example, chrome iron ore containing Cr and Al 
oxides is used as the primary material, which is calcined 
with a small proportion, about 12%, of raw dolomite. 
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89. K. A. Manxkau, “Refractory Substance,’’ Brit. 
29,082, Dec. i7, 1913.—A refractory substance consists of 
a limestone to which have been added small quantities of 
oxides of the type RO and R,O; to produce, on calcining, 
polyacid and polybasic spinels in the mass (see preceding 
ref.). The foundation material may consist of limestone 
to which has been added 4 to 12% of magnesite or chrome 
Fe ore, in which case the other oxides added are concen- 
trates modified to produce about 6% of a polybasic and 
polyacid spinel. 

90. B. Enricut, ‘Furnace Lining Material,’”’ U. S. 
1,319,056, Oct. 21, 1919.—-A refractory material for fur- 
nace linings is formed of dolomite initially having a con- 
siderable SiO, content. The material is calcined and after 
calcination contains Ca and Mg silicates with only a negli- 
gible amount of free SiOy. 

91. R. H. “Refractory Brick Composi- 
tion,”’ Can. 195,790, Jan. 6, 1920.—A refractory material 
consisting of dead-burned dolomite with a binder of sintered 
magnesian limestone has SiO, 10, FeO and Al,O; 10, lime 
48, and MgO 32%. 

92. Gerorce D. Carn (Republic Steel Corp.), ‘““Refrac- 
tory Material Suitable for Metallurgical Furnaces, etc.,”’ 
U. S. 2,021,222, Nov. 19, 1935.—About 5 to 15 parts of 
olivine containing MgO about 48, SiO, 42, and FeO 2 to 
20% are used with about 5 to 15 parts of chromite con- 
taining FeO-Cr,O; and about 5 to 15 parts of calcined 
dolomite containing CaO and MgO. 

- VEITSCHER MAGNESITWERKE A.-G., ‘‘Refractory 
Brick,”’ Austrian 153,200, April 25, 1938; Cl. 80d.— 
Sintered or fused MgO is mixed with a powdered glass of 
high melting point, with or without Cr ore, corundum, or 
other refractory material, and the mixture is fired at a 
temperature above the melting point of the glass. The 
proportion of the glass may be up to 20%, and its com- 
position is such that (a) the combined percentages of 
MgO, CaO, and one third of the AlO;, divided by the 
combined percentages of SiO, and two thirds of the Al,Os,, 
should be between 0.5 and 1.5, and (6) the ratio MgO: CaO 
should be more than 10, unless the glass contains small 
proportions of Ti and Mn, in which event the ratio MgO: - 
CaO may be between 0 and 1. The glass may also con- 
tain small proportions of alkalis, P,O;, and B,O; and may 
be taken in finer grain than the other refractory materials. 
Methods of procedure are indicated. 

94. W. H. Danrets, “Refractory Substances,” Brit. 
365,779, Jan. 20, 1930.—Refractory brick are made by 
firing a mixture of sintered magnesite, a binder, e.g., con- 
centrated waste sulfite liquor, and a small proportion of 
1 to 3% of chrome iron ore, which stabilizes the impurities, 
e.g., Ca silicates, in the magnesite. 

95. N. P. Pitt, A. C. HALFERDAHL, AND F. E. LaTue, 
‘*Refractories,”’ Fr. 796,160, March 31, 1936.—Refractory 
materials are made by grinding and intimately mixing 
calcareous and siliceous substances to give a composition 
which, when fired, will contain CaO 8 to 76, SiO, 9 to 40, 
and Al not more than 5% and will have an effective base— 
acid ratio of between 1.4 and 3.9 and a hydration value not 
above 7%, and by firing the composition with a stabilizing 
agent at above 1426°C. (2599°F.). Examples are given, 
e.g., dolomite 82.2, chrome ore 6, and sand 11.8%; lime- 
stone 65.55, slag 23.55, and sand 10.9%; or dolomite 
83.7, chrome ore 1, flakes of Fe oxide 3, and sand 12.3%. 

96. N. P. Prrt, A. C. HALFERDARL, AND F. E. LATHE, 
“Chrome Refractories,’ Brit. 493,773, Oct. 13, 1938; 
abstracted in Trans. Brit. Ceram. Soc., 38 [1] 6A (1939).— 
A sintered refractory clinker in which the silica of chrome 
ore is converted to dicalcium silicate without the formation 
of lime spinels is obtained by adding finely ground cal- 
careous material (limestone or calcareous magnesite) to 
natural chrome ore and firing the mixture at above 1430 °C. 
(2606°F.) but without fusion. The proportion of lime 
added is sufficient to give a product in which the lime: silica 
ratio lies between 1.5 and 3.0. The product comprises 
spinels, dicalcium silicate, and periclase. 

97. JuLBs ERNOULD AND Soc. Hauts FouRNEAUX 
DE La Curers, ‘Refractory Brick, etc.,” Brit. 440,010 and 
440,011, Dec. 18, 1935.—A finely divided mixture of 
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calcined CaO and an oxide of Fe, Cr, or Al is molded 
under high pressure without the use of a binder, and the 
molded mixture is fired. In Brit. 440,011, the calcined 
CaO is replaced by fritted dolomite. 

98. A. P. Meyer, ‘‘Magnesian (and Dolomite) Re- 
fractory Material,’”’ U. S. 1,483,468 and 1,483,469, Feb. 12, 
1924.—A granular material adopted for bonding at open- 
hearth furnace temperatures when used as a furnace lin- 
ing is formed of a hard, dense, angular fired mixture of 
magnesite and fluxing materials. U.S. 1,483,469 specifies 
a similar material except that dolomite is used in its 
preparation. 

99. SpeNceR B. NEWBERRY, “Basic Firebrick Lining,” 
U. S. 927,585, July 13, 1909.—A mixture of hydraulic 
cement, lime, ancl magnesia is made into paste with water, 
molded, and fired. 

100. J. D. Switrvan (Battelle Memorial Institute), 
“Refractory Material Suitable for Furnace Linings, etc.,”’ 
U. S. 2,098,839, Nov. 9, 1937.—Magnesite grains are 
bonded together by hydrolysis of a cement formed of a 
ground clinker consisting mainly of periclase, tricalcium 
silicate, and Ca ferrite or aluminate which has been fired 
at a temperature of about 1370°C. (2498°F.) or higher 
for a sufficient time to render it stable against slaking and 
dusting. 

101. H. E. Mason, “Refractory Brick, etc.,”’ Brit. 
16,096, July 6, 1910.—Refractory brick are manufactured 
by adding to a calcined magnesite mixture a suitable 
proportion of powdered basic slag as a fluxing agent. 

102. A. P. Meyer, ‘‘Lining for Basic Open-Hearth 
Furnaces,” U. S. 1,160,085, Nov. 9, 1915.—Granulated 
dolomitic limestone is calcined, heated to its sintering 
temperature, cooled, and mixed with sufficient granulated 
basic open-hearth slag io fill the voids in the sintered mate- 
rial and act as a binder. 

103. C. J. Barr, ‘Furnace Lining,” U. S. 1,206,771, 
Nov. 28, 1916.—Dolomite in granular form is used, coated 
with slag which serves to set and bond the dolomite. 

104. G.S. Davison, ‘‘Furnace Lining,” U.S. 1,210,431, 
Jan. 2, 1917.—Furnace linings are formed of granules of 
hard burned dolomitic lime impregnated with such a small 
amount of basic slag that their faces are substantially free 
from any layer of the slag. 

105. H. A. Kewnnepy, “Refractory Products,’’ Brit. 
111,853, Nov. 26, 1917; Can. 181,710, Jan. 22, 1918; 
U. S. 1,238,020, Aug. 21, 1917; U.S. 1,240,148, Sept. 11, 
1¢17.—An intimate mixture of approximately 78 to 92 
parts of CaO and MgO, 2 to 13 parts of SiO:, and Al,O, 
or Fe,O; or both is clinkered at temperatures higher than 
that used in Portland cement. To a certain extent, Al,O,; 
and Fe,O; may be replaced by SiO,:, or in their place basic 
slag, blast-furnace slag, bauxite, chrome iron ore, etc., may 
be used. Mg limestone or dolomite is preferred as the 
source of CaO and MgO. The limestone may be first 
calcined and hydrated, and the materials may be mixed 
wet or dry. The heating is preferably effected in a rotary 
kiln by means of a powdered fuel flame, the kiln being 
inclined less or rotated more slowly than a cement kiln so 
that the period of heating will be greater. The product is 
finally cooled in a cooling cylinder and is then ready for 
use, 

106. A. P. Mever, ‘Furnace Lining,” U. S. 1,300,631, 
April 15, 1919.—-A furnace lining is produced by feeding 
granular dolomite down through an inclined rotary kiln 
against flame and flame gases in mixture with 9 to 12% 
of basic open-hearth granules. The slag is taken up by 
the dolomite granules, and the temperature is sufficiently 
high that the dolomite is dead-burned. The dolomite 
granules may be about 0.19 in. in diameter, and the slag is 
preferably ground to pass a 50-mesh sieve. 

107. A. ‘‘Refractory Substances,”’ Brit. 
156,447, April 21, 1920.—Magnesite or dolomite is cal- 
cined at 1800°C. (3272°F.) with 5 to 10% basic slag in an 
internally fired rotary kiln having a basic lining. From 
the kiln the material passes into an annealing chamber 
where it is allowed to cool slowly. 

108. F. L. Durrrevp, ‘Refractory Brick, etc.,"’ Brit. 
223,616, April 21, 1924.—Refractory brick are made from 
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dolomite or other minerals possessing plasticity at high 
temperatures alone or mixed with fluxing materials such 
as Fe,O,, clay, or basic slag. The material may be heated 
—— (2732°F.), molded under pressure, and then 


109. Louis Veaux, “Basic Refractory Product,” Fr. 
807,527, Jan. 14, 1937. —A product for lining metallurgical 
furnaces is composed of a crude basic mineral, such as 
crude dolomite, mixed with a flux. A binder such as a 
refractory earth may be added. 

310. G.M.B.H., “Ceramic 
Masses,” Fr. 826,873, April 12, 1938.—P slag, i.e., furnace 
slag which is a by-product from the manufacture of P and 
which is composed essentially of Ca silicate, is used as an 
addition (30 to 60%) in the manufacture of very dense 
ceramic products containing Al or Mg silicate. The com- 
positions conform to the formulas CaO-MgO-2SiO, or 
CaO - Al,O; -2Si03. 

111. Erwin “Refractory Materials,’’ Ger. 
598,551, June 13, 1934; Cl. 806. 3.01.—A mixture of fire- 

clay and limestone is given an addition of Fe,O; or 
and SiO, and sintered to form a cement. 

112. Ggorce Wrirty (Construction Products Corp.), 
“Refractory Articles Such as Brick for Lining Furnaces,”’ 
U. S. 2,043,640, June 9, 1936.—A mixture of dolomite 40, 
blast-furnace slag 30, ganister 20, and bauxite 10 parts, 
after being calcined, is moistened with a liquid solution 
containing equal parts cf Ca-Mg chloride and AICI, to 

ve the mixture a proper consistency and is molded into 
ick, etc.; these are dried at temperatures of about 93° 
to 200°C. (199. 4° to 392°F.). 

113. J. F. MOLLEN AND W. W. PartNo, “Refractory 
Material,” U. S. 1,525,655, Feb. 10, 1925.—A material for 
lining furnaces and for similar purposes consists of the 
calcination pen of raw dolomite mixed with a minor 
proportion of material and NaCl. The NaCl 
is eliminated by calcination, and the product comprises 
about 85% lime and magnesia and may be in the form of 
heat-compacted masses which are substantially free from 
dust. 

114. Henry Couns, “Making Refractory Material,” 
U. S. 826,763, July 24, 1906.—Siliceous material is mixed 
with sodium silicate of 140° Twaddell (1.7050 specific 
gravity) and calcium chloride. The material is molded, 
and the article is fired without previous drying at a tem- 
perature of 1371°C. (2500°F.) to 2204°C. (4000°F.). 

115. J.O. HANpy AND R. M. IsHam, ‘Refractory Mate- 
rial,” U. S. 1,270,818 and 1,270,819, July 2, 1918.—A 
refractory material is formed by moistening granulated 
dolomite with a solution of CaCl, drying, and calcining at 
a high temperature to expel all but less than 1% of Cl 
from the composition. Granules of this material are 
formed into brick resistant to the action of air, steam, and 
H,0. U. S. 1,270,819 relates to the manufacture ‘of a 
refractory material by calcining dolomite, extracting with 
cold H,O to remove the greater portion, but not all, of the 
lime (3 to 10% remaining), and then reheating with a small 
amount of a bonding material such as SiO, and Fe,Os. 

116. N. P. ann E. G. Baker, ‘‘Bonding Calcium 
Silicates,” Brit. 492,565, Sept. 22, 1938.—A composition 
having substantial strength in the unfired condition com- 
prises material containing a substantial amount of physi- 
penn A stable nonhydrating Ca silicate, H,O, and a bonding 

comprising a carbonate, bicarbonate, fluoride, sul- 
fide, hee 4 dichromate, or hydroxide of an alkali metal, 
preferably Na,CO;. The invention is applicable to all 
refractory materials containing a substantial proportion, 
e.g., 20% or more, of 2CaO-SiO, and 3CaO - SiO, stabilized 
against hydration and dusting. 

117. E. Bertranp, ‘Composition for Basic Brick,’’ 
U. S. 413,127, Oct. 15, 1889.—Much harder and more 
compact dolomite or limestone brick are made by adding 
to the limestone or dolomite 2 to 4% of basic cinder, i.e., 

phosphatic slag, or 1 to 2% basic cinder and 
1 to 2% pure iron ore. They are ground very fine and 
thoroughly mixed together. 

118. C. J. Eames, “Bottom for Reducing Furnaces,”’ 
U. S. 428,747, May 27, 1900.—A mixture of dolomite 75, 


Ceramic Abstracts 


Vol. 19, No. 11 


carbon (coke or graphite) 10, and fluorspar 2% is ground 
and then intimately mixed with fire sand 7 and fire clay 
6%. The whole is worked into a plastic mass with a solu- 
tion containing 1 pint of sodium silicate in about 5 gallons 
of water. This plastic mass is applied to the furnace 
bottom, 4 to 10 in. thick, and gradually fired to drive off 
the moisture; the heat is finally raised to vitrify or glaze 
the surface of the bottom. A smooth, durable, iron wear- 
ing bottom is obtained. 

119. S. B. Newserry, “Basic Firebrick Compound,” 
U. S. 677,688, July 2, 1901—A calcined dolomite lime 
containing approximately 58.3% CaO and 41.7% MgO 
is mixed with about 30% clay or 21% SiO,. The mixture 
is moistened with about 5% water, molded into blocks, 
and calcined at high temperature. The resulting product 
consists essentially of 3CaO-SiO,, 2CaO-Al,O;, and free 
MgO when made with clay and of 3CaO-SiO, and free 
MgO when made with silica. 

120. M. M. Méran, “Ceramic Product,”’ U. S. 827,- 
550, July 31, 1906.—A strong porous biscuit which is not 
attacked by acids and bases is obtained by mixing to- 
gether asbestos (double silicate of lime and magnesia) 
70% and steatite (trisilicate of magnesia) 30%. This 
mixture is pulverized, formed into a paste, molded, and 
fired just below the vitrification temperature. 

121. W. Greaves, “Improvement in the Construction 
of Coke Ovens to Make Them Proof Against the Action of 
Alkalis,”” Brit. 12,210, June 19, 1910.—Calcined mag- 
nesium carbonate is mixed with a suitable binding agent 
such as raw china clay or bauxite in order to bind the 
whole together and to form a dense hard brick when refired 
at high temperature. The a analysis of the brick 
ak 89.34, SiO, 4.96, Al,O; 2.85, Fe,O,; 0.84, and CaO 
1.67%. 

122. J. O. Hanpy ANp R. M. IsHam, “Refractory Ma- 
terial from Dolomite,’’ U. S. 1,248,486, Dec. 4, 1917.— 
Impure dolomite is dead-burned, molded into brick with a 
temporary binder such as oil, tar, or pitch, and reburned 
until a permanently nonslaking material resisting the 
action of hot H;,O is obtained. The product thus formed 
is suitable for use as a furnace lining, e.g., in basic open- 
hearth furnaces. 

123. F. A. Jongs, “Furnace Lining Materials,” U. S. 
1,251,535, Jan. 1, 1918.—Blast furnace flue dust which 
contains very fine iron ore, coke, and lime is mixed with 
water to form a paste. About 10% of flue dust is thor- 
oughly mixed with about 90% of crushed dolomite which 
goes through a '/.-in. screen and is retained on a '/s-in. 
screen. This mixture is heated from 1093° to 1371°C. 
(2000° to 2500°F.). The layer of flue dust surrounding 
the dolomite particles effectively prevents any weathering 
action of the calcined dolomite. The flue dust may be 
replaced by talc, serpentine, clay, or salt. 

124. R.C. Purpy, M. F. Beecuer, ann A. A. KLEIN, 
“Refractory Article of Magnesia and Alumina,” U. S. 
1,394,442, Oct. 18, 1921.—A bonded material suitable 
for lining furnaces or making refractory receptacles is 
prepared by mixing preshrunk granules of one of the 
ingredients, MgO or Al,O;, with the other of these two 
ingredients in finely divided condition and heating the 
mixture to a temperature somewhat below the melting 
point of any eutectic of the MgO-Al,O; system to effect 
bonding. 

125. H. P. Bassett, “Basic Refractory Composition,” 
U. S. 1,360,355, Nov. 30, 1920.—A composition adapted 
for use as a lining for furnaces is made by thoroughly 
mixing together 100 parts of magnesian limestone, 1 to 
2% of iron scale or Fe,O;, 4 to 6% of silica or other silicon 
compound, and approximately 2 to 10% common salt. 
This mixture is heated ordinarily between 1093° to 1371 °C. 
(2000° to 2500°F.). Sufficient water is added to make a 
soft plastic composition adapted to be readily applied by 
a shovel or trowel to the interior of the furnace. 

126. H. P. Bassett, “Basic Refractory Material,’ 
U. S. 1,390,328, Sept. 13, 1921.—The material (adapted 
for making brick for furnace linings) is formed of double- 
calcined dolomite 100 to 120, iron oxide 3, borax 1, sodium 
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silicate 2.5, and Portland cement 5 parts. Ground glass 
and potter’s clay also are used in similar mixtures. 

127. Wa Crow anp J. C. Scuarrer, “Refractory 
Brick,” U. S. 1,553,143, Sept. 8, 1925.-—A refractory ma- 
terial adapted for use in paving, firebrick, or licting fur- 
naces is prepared by heating dolomitic limestone 86 parts, 
clay 10, iron ore 3, and orthoclase 1. 

128. E. Boynesurc, ‘Manufacture of Portland Ce- 
ment,” Fr. 709,740, Jan. 21, 1931; Brit. 355,678, Aug. 19, 
1931.—Portland cement rich in MgO is made by employ- 
ing a raw material containing iron or manganese for bind- 
ing the magnesia, the minimum of iron oxide necessary 
amounting to */; of the magnesia or a percentage of 5% 
and decreasing to '/; where the magnesia is 40 

129. W.J. McCauGuHey anp H. C. Leg (Non-Metallic 
Minerals, Inc.), ‘“‘Calcined Refractory Magnesia Prod- 
uct,” U. S. 1,965,605, July 10, 1934.—A material suitable 
for patching furnace bottoms, etc., which is obtained by 
firing magnesia with other com ts, comprises MgO, 
less than 3% SiO:, about 4.7 to 9.7% Fe:O; and Al,Os;, 
and lime in a quantity about twice that of the silica plus 
additional lime equal to about 40 to 70% of the amount of 
the Fe,O; and the Al,O; together. 

130. G. E. Sem (E. J. Lavino & Co.), “Corrected 
Basic Refractory,’’ Ital. 359,382, May 20, 1938; Can. 
375,880, Aug. 16, 1938; Fr. 832,376, Sept. 26, 1938.— 
Refractories and brick and other articles made thereof 
comprise a product obtained by a thermal reaction and 
containing Ca aluminate, monticellite (if desired, also Ca 
orthosilicate), and periclase. A primary substance having 
a basis of lime, magnesia, and silica is mixed with silica 
and alumina in sufficient quantity to form Ca aluminate, 
monticellite, and, if desired, Ca orthosilicate with the lime 
present. The mixture is heated to effect the desired re- 
action. Ca orthosilicate may be stabilized by adding a 
phosphate to the mixture. The mixture may be calcined 
in a furnace to obtain a clinker which is then broken up 
and converted into brick. 

131. G. E. Sem (E. J. Lavino & Co.), “High Melting 
Point Silicate Refractory,” Ital. 358,697, April 26, 1938; 
Fr. 832,239, Sept. 23, 1938; U. S. 2,207,557, July 9, 1940. 
—Mixtures of substances containing CaO, MgO, and SiO,, 
e.g., a mixture of dolomite and silica, are heated to pro- 
duce a refractory material in which the Ca is present in the 
form of orthosilicate, monticellite, and periclase. The Ca 
orthosilicate may be stabilized by adding a small propor- 
tion of a phosphate to the initial material. 

132. H. C. Lee (Non-Metallic Minerals, Inc.), 
‘“‘Periclase and Calcium Orthosilicate Refractory,” Can. 
369,982, Nov. 16, 1937.—This refractory may have the 
following chemical composition: MgO 35 to 60, CaO 21 to 
40, SiO, 10 to 22, oxide fluxes, Fe,O;, AlsOs, Cr2Osz, 3 to 9, 
and inversion stabilizing agent, B,O; or P:O,, 0.1 to 1.0%. 
The ratio of lime to silica is kept between 1.8:1 and 2.2:1. 
The refractory is made by grinding to a slurry that passes 
through a 100-mesh screen a mixture of southern Nevada 
magnesite, dolomite, high phosphorus iron ore, and cole- 
manite or magnesite, dolomite, serpentine, iron ore, rock 
phosphate, and colemanite, and firing the slurry between 
1427° and 1649°C. (2600° and 3000°F.). The clinker is 
crushed to pass an 8-mesh screen, mixed with a small 
amount of water, and formed into shapes. These shapes 
are refired at about 1454°C. (2650°F.). Microscopical 
studies of the finished product show rounded crystals of 
periclase with elongated interlocking interstitial crystalline 

calcium orthosilicate. 

133. C. E. Wm.rams anv J. D. Sutuivan (Battelle 
Memorial Institute), ““Cement,”” U. S. 1,994,377, March 
12, 1935.—A clinker is formed by firing a mixture of a 
calcareous Mg carbonate material, silica, and a metal 
oxide fluxing agent, the silica comprising 5 to 11% of the 
mixture and the metal oxide fluxing agent such as Fe oxide 
comprising 0.5 to 15% of the mixture, at such a tempera- 
ture and for such a time as to produce a clinker mainly 
formed of periclase, tricalcium silicate, and a Ca salt 
(derived by reaction with the fluxing agent) which is 
stable against slaking and dusting; the clinker is reduced 
to powdered form to produce a cement. 
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134. Do.omrre, 
Calcium and 


Inc., ‘“Decalcification of Mixed 

Magnesium Carbonate Materials,” Brit. 
363,871, Dec. 31, 1931; Fr. 711,022, Feb. 11, 1931.— 
Substances such as dolomite are calcined and then treated 
with a dilute solution of a NH, salt to separate the Ca 
from Mg. The calcined product is treated with dilu 
NH,CI solution to separate the Ca as CaCl. The remain- 
ing product which contains magnesite and small amounts 
of iron, aluminum, silicon, and manganese is calcined at a 
high temperature to form a highly refractory material of 
particular value for furnace usage. 

135. K. P. McE roy, “Refractory for Open-Hearth 
Furnaces,” U. S. 1,551,201, Aug. 25, 1925.—Dolomite or 
magnesian limestone is crushed to pass through a */\»- or 
1/y-in. screen. The fines (minus 50-mesh), which are less 
refractory than the coarser portion, are screened off, 
8 to 15% fines are mixed with the coarse dolomite and 
fired in a rotary kiln at about 1705°C. (3100°F.) which is 
approximately the temperature of the open-hearth furnace. 
The fines liquefy in such a fine form that they impregnate 
and surface coat the granular material without bonding 
together. Finely ground alumina, silica, iron oxide, mill 
scale, or basic open-hearth slag may be used in place of 
the fine portion of dolomite. 

136. N. P. Pritt, A. C. HALFERDAHBL, AND F. E. 
Latue, “‘Refractories,”” Can. 363,778, Feb. 2, 1937; Brit. 
450,961, July 27, 1936.—A basic refractory with a hydra- 
tion value not exceeding 7% contains lime 8 to 76%, SiO, 
9 to 40%, and an effective base-acid ratio, 


% Cad + MEO 


F Cc Al 
% SiO, + 2 + % + 2Or, etc 


between 1.40 and 3.90. As stabilizing agents, chromite, 
apatite, iron ore, manganese ore, mill scale, basic open- 
hearth and converter slags, phosphates, fluorides, borates, 
etc., or mixtures thereof, may be used from 1 to8%. The 
raw constituents and the stabilizing agents are finely 
ground, thoroughly mixed, and fired between 1482° and 
1760°C. (2700° and 3200°F.). 

137. Private ComMMuNIcATION, “Basic Refractories.” 
—aA refractory product composed mainly of periclase and 
calcium orthosilicate is made by mixing and grinding to a 
slurry 400 Ib. of northwestern Ohio dolomite, 160 Ib. of 
Maryland serpentine or 144 Ib. of North Carolina dunite, 
2 Ib. of 20% phosphate fertilizer, and 5 oz. of boric acid. 
This slurry is gradually fired at a temperature of 1538°C. 
(2800°F.) in 1 to '/, hr. The clinker is crushed to pass 
an 8-mesh screen, mixed with a little water, and pressed 
into shapes. These shapes may be used as such or dried 
and refired at a temperature of 1454°C. (2650°F.) to 
obtain a hard and dense brick resistant to spalling. The 
R,O; (Fe:O;, Al,Os, and Cr,0;) present should be from 4 
to 8%. 

ae PrivaTE COMMUNICATION, “Basic Refractories 
and Methods of Making.’’—The best combination of re- 
fractoriness and strength at high temperatures was ob- 
tained in accordance with the following procedure: To 
100 parts of crude magnesia of the chemical composition 
SiO; 0.75, Al,O; 0.30, Fe,O; 0.20, CaO 0.50, and MgO 
98.25%, 2.5 parts of silica and 3.5 parts of lime were 
added. These materials were thoroughly mixed and fired 
at about 1650°C. (3000°F.). The product obtained had 
the chemical analysis SiO, 4.30, °%O; 0.40, Fe,:O; 0.30, 
CaO 5.30, and MgO 89.70% and the following petrographic 
analysis: a matrix largely composed of monticellite and 
about 86.6% periclase as a disperse phase. 100 parts of 
this composition with 3.35 parts of lime added were mixed 
together, ground to the proper grain size, and mixed with 
dextrine to form an unfired brick which, upon subjection 
to partial fusion, will develop a structure of periclase in 
a matrix largely composed of 2CaO-SiO,. Traces of 
P,O; may be added to stabilize the 2CaO-SiO,. 

139. Private Communication, “Refractories and 
Method of Making.”—A heat-hardening basic refractory 
was made of fired magnesite containing MgO 65 to 90, 
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SiO, 2 to 9, Al,O; 1 to 4, CaO 2 to 6, and Fe,O; up to 10%; 
most of the CaO was present as monticellite and the alu- 
mina as magnesium aluminate. This fired magnesite, which 
had a softening point between 1371° and 1530°C. (2500° 
and 2800°F.), was graded to pass a */s-in.-mesh screen 
and remain on a 10-mesh screen and was then mixed with 
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calcined dolomite containing CaO 30 to 60, MgO 30 to 50, 
and SiO, 4 to 8%. The calcined dolomite was present in 
sufficient amount to supply enough CaO for the conversion 
of the monticellite to 2CaO-SiO, and the magnesium alu- 
minate to3CaO-Al,O;. The final product supported a load 
of 20 Ib. per sq. in. at about 1649°C, (3000°F.). 


Forsterite 


140. G. A. RANKIN AND H. E. Merwin, “Ternary 
System Amer. Jour. Sci., [4)45, 301- 
25 .(1918).—The temperature-concentration relations of 
the various crystal phases in equilibrium with liquid in the 
ternary system MgO-Al,O;-SiO, were investigated, and 
the results are represented by diagrams and a model. 
The crystalline substances found to be stable in contact 
with liquid are MgO (periclase), Al,O; (corundum), SiO, 
cristobalite), 2MgO-SiO, (forsterite), MgO-- 

SiO, (clinoenstatite), MgO- Al,O; (spinel), AlyO;- SiOz (silli- 
manite), and a ternary compound, 2MgO-2Al.0,;-5Si0O, 
(cordierite). Of these, clinoenstatite and cordierite are 
unstable, and, when pure, dissociate when melting begins. 

141, WILHELM JANDER AND JOSEF WUHRER, ‘“‘Reac- 
tions in the Solid State at Higher Temperatures: XIII, 
ro tga Course in the Formation of Magnesium, Stron- 

, and Barium Silicates,” Z. Anorg. & Allgem. Chem., 

226 (3) 225-47 (1936).—In the reaction between MgO or 
alkaline-earth oxides and SiO, in the solid state, ortho- 
silicate formation is favored, and this occurs as the pri- 

product in most cases. It is only in exceptional cases 
that the formation of metasilicates takes place more easily. 
When freshly precipitated SiO, and CaCO; are mixed in 
H,O, they react to form metasilicate, and this is likewise 
true of the reaction between talc and MgCl. The pref- 
erence for orthosilicate formation over metasilicate is 
explained as follows: (1) the heat content of orthosilicate 
is greater than that of other silicates; (2) the activation 
energy is conversely smaller; (3) the production of crys- 
tallized orthosilicates is easier; nucleus formation and 
velocity of growth are better; and (4) the structural 
similarity between the raw materials and the reaction 
products is likewise a factor. In orthosilicates, each Si 
atom is surrounded by 4 O atoms to form a tetrahedron; 
with metasilicates, long open chains are formed. 

142. Serr Konpo, Terroku SvENO, AND HIROSHI 
Yosuma, “‘Magnesite Refractories: I, Microstructure of 
South Manchurian Magnesites Fired at Different Tem- 

tures,” Jour. Japan. Ceram, Assn., 40 [475] 422-36 
{1932 32).—South Manchurian magnesites were heated at 
constant temperatures from 1200°C. (2192°F.) to 1800°C. 
(3272°F.) for 1 hr. and then examined for microstructures. 
The chief phases observed were periclase, amorphous MgO, 
forsterite, and clinoenstatite. The volume percentage of 
olivine, spinel, and periclase calculated from the chemi- 
cal compositions agreed well with the results of the micro- 
scopic determinations. The magnesites changed greatly 
at 1200° to 1300°C. (2192° to 2372°F.) and 1600° to 
1700°C. (2912° to 3092°F.). At 1200° to 1300°C. clino- 
enstatite and amorphous MgO changed almost completely 
to forsterite and periclase, respectively. At 1600° to 
1700°C. forsterite melted and filled the voids of the peri- 
clase crystals, developing the so-called poikilitic structure. 
The more SiO, present in the magnesites, the greater was 
the rate of recrystallization. A Seizanhai magnesite mixed 
with various oxides was calcined at 1000°C. (1832°F.), 
formed into tablets, and fired to cones 26, 28, and 30 (1596°, 
1615°, and 1650°C. (2900°, 2940°, and 3000°F.)) in a gas- 
fired kiln; thin sections were examined under a micro- 
scope. Adding SiO, favored the development of periclase 
and caused the formation of minute crystals of magnesio- 
ferrite. Cr,O; seemed to dissolve in forsterite. Al,O; 
favored: the development of periclase and produced a 
poikilitic structure, probably due to the formation of 
cordierite which melts at a comparatively low temperature. 

143. LONGCHAMBON AND Ko-Fuu-TSIANG, “‘Researches 
on Magnesia Refractories,” Rev. Mét., 28 [6] 324-29 
(1931).—-Test samples were made by industrial methods 


from specially prepared MgO. Calcining 1 hr. at 600°C. 
(1112°F.) gave a density of 2.9. Higher temperatures up 
to 1500°C. (2732°F.) increase the density to3.5. An addi- 
tion of SiO, lowers the density and shrinkage; Fe,O,; has 
an opposite effect. Either oxide is an excellent agglomerant 
in the cold but lowers the softening temperature. Al,O, 
makes the brick less refractory. CaO alone, even in a 
small amount, promotes crumbling, but when it is added 
with Fe,O; the product has a very high softening point, 

200°C. (392°F.) higher than commercial samples. Adding 
a mixture of SiO, and CaO or SiO, and Fe,O; makes in- 
ferior brick. Molding pressures up to 10 kgm. per sq. cm. 
have little effect. The temperature at which bending 
commences is raised by increasing the calcination tem- 
perature. 

144. V. IsxyuL, Experimental Investigations on the 
Chemical Constitution of the Silicates: The Chlorites. 
Private Publication, Petrograd, 1917. 310 pp. Mineralog. 
Abs., 2, 207-15.—Olivines are certainly orthosilicates, as 
indicated by the entirely different solubility of SiO, in the 
olivines and the metasilicates, enstatite and bronzite. 
On ignition of olivine, FeO is oxidized to Fe,O;, the upper 
limit being 83% of the total FeO (in forsterite). The 
reaction is 2FeO-SiO, + O = Fe,O; + SiO, and then 
2Mg0O-SiO, + SiO. = MgO-SiO,. The amphiboles have 
a SiO, solubility twice as great as that of the pyroxenes. 
Solubility experiments on ignited serpentine prove that the 
reaction 2H,0-3MgO-2SiO, = 2H,O + 2MgO-SiO, takes 
place. Serpentines are metasilicates, and compact ser- 
pentine and chrysotile are pyroxene silicates similar to 
enstatite, while antigorite is similar to anthophyllite. 

145. N.L. Bowen Anp O. ANDERSEN, “Binary System 
MgO-SiO,,” Amer. Jour. Sci. [4]37, 487-500 (1914).—The 
thermal diagram of the binary system MgO-SiO, indicates 
that both the orthosilicate and the metasilicate can exist 
in contact with the liquid. The maximum corresponding 
with the orthosilicate is at 1890° + 20°C. (3434° = 68°F.), 
and the eutectic with MgO and the orthosilicate is at 
1850° + 20°C. (3362° + 68°F.), at which the mixture 
has 14% of MgO and 86% of the orthosilicate. The 
eutectic with SiO, and magnesium metasilicate as solid 
phases has 12.5% of the former and 87.5% of the latter, 
and the temperature is 1543° + 20°C. (2809° + 68°F.). 

146. W. BUssem aNp C. Scuusrerivus, ‘‘Constitution 
of Steatite: I, Crystalline Phase,’”’ Wiss. Veréffentl. Sie- 
mens-Werken, 17 [1] 59-77 (1938).—On heating MgO 
with quartz, forsterite was formed at 1200°C. (2192°F.), 
while protoenstatite began to appear at 1400°C. (2552°F.). 
If the samples were pulverized, clinoenstatite tended to 
appear in place of protoenstatite. The formation of 
clinoenstatite was also promoted by the use of hydrated 
SiO, in place of quartz and by the presence of mineralizers 
such as Li,O, fluorspar, H;BO;, and borax. 

147. O. L. Kowa.ke anp O. A. Houcen, ‘Crushing 
Strength of Magnesia-Silica Mixtures at High Tempera- 
ture,”” Trans. Amer. Electrochem. Soc., 33, 215 (1918).— 
Magnesia and silica of high purity were mixed in varying 
proportions and fired at various temperatures, and cylin- 
ders of the mixtures were subjected to pressure in an elec- 
tric furnace. The pressure was applied by a C rod at 
carefully measured temperatures. The temperature at 
which the cylinders crushed when subjected to a definite 
applied pressure was noted. A mixture containing 
7.5% SiOz failed at about 1870°C. (3398°F.), which was 
190°C. (374°F.) higher than magnesia supported. The 
superiority of this mixture appeared to be due to the 
envelope of forsterite which cemented the grains of peri- 
clase, and failure is due to a softening of the forsterite. 
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Above 2000°, carbon attacked magnesia-silica mixtures 
very rapidly. The electric furnace and the arrangement 
of the cylinder for test are illustrated, and photomicro- 
graphs support the theory of the formation of compounds 
between MgO and SiO, at the various temperatures. 
148. V. V. GoNcHAROV AND A. T. “‘Min- 
eralogy of Forsterite Refractories,” Ogneupory, 4, 205-13 
(1936).—To obtain highly refractory mixtures from talc- 
magnesite minerals, the right amount of MgCO,; must be 
added to form a forsterite-periclase or forsterite composi- 
tion. Practically, the latter is more easily obtained. 
This composition results from the interreaction of MgCO, 
and talc, the latter retaining its constant phase composi- 
tion from the moment of complete dehydration to the 
higher firing temperatures. Differences in mineralogical 
composition of the products obtained result from varia- 
tions in the preparation and heat-treatment. Quantita- 
tively, the reaction is sufficiently complete at 1450° to 
1500°C. (2642° to 2732°F.); this temperature is recom- 
mended for firing. Larger crystals of forsterite and a 
denser mass result from a longer time at the final firing 
temperature. The rate of cooling does not influence the 
composition and microstructure. Higher pressure during 
forming results in a denser mass richer in forsterite. 
The same result is obtained by a preliminary firing of 
talc. Increasing the firing temperature from 1600° to 
1700°C. (2912° to 3092°F.) increases greatly the complete- 
ness of the reaction. The presence of Fe,O; leads to the 
formation of magnesioferrite, which impedes the reac- 


tion. 

149. A. B. SEARLE, Refractory Materials, pp. 389-90. 
Chas. Griffin and Co., Ltd., London, 1924.—Two forms 
of magnesia occur in the brick, viz., amorphous magnesia 
(specific gravity 3.0 to 3.2) and periclase (specific gravity 
3.4 to 3.6). This is due to the fact that amorphous mag- 
nesia is formed first and is slowly changed into periclase 
when heated to a temperature above 1200°C. (2192°F.). 
In practice, it is necessary to fire the raw material 
or the brick at a much higher temperature in order to 
secure the complete conversion of the magnesite, a tem- 
perature of 1450°C. (2642°F.) to 1700°C. (3092°F.) 
being necessary according to the nature of the material 
and the size of the pieces. Very small quantities of mag- 
nesite can be converted into periclase at a much lower 
temperature than larger ones, as the heat penetrates the 
latter very slowly. In brick containing much lime and 
silica, the polygonal shape of the periclase crystals is 
largely destroyed, the grains being rounded and set in a 
matrix of impurities. The rate at which the change takes 
place is increased in the presence of certain impurities, 
such as iron oxide, which combine with the magnesia to 
form a molten slag having a powerful solvent action on the 
unaltered magnesia and result in its rapid conversion into 
the denser form equivalent to amorphous periclase. The 
conversion is naturally more rapid when the impurities 
are uniformly distributed through the mass than where 
they are not in such intimate contact. It is advantageous 
to have as much as possible of the magnesia converted into 
periclase, as the latter is fully shrunk and will not change 
in volume during any later heating. Magnesia brick also 
contain various compounds of magnesia with other oxides, 
the most important being (1) magnesium ferrate (MgO-- 
Fe,0;), which is a dark-colored, brown, or black compound 
first detected in magnesia brick by F. Cornu and confirmed 
by Cronshaw; and (2) forsterite, a magnesium silicate 
(2MgO-SiO,), which is formed (usually at a temperature 
above 1500°C. (2732°F.)) when silica is present. Accord- 
ing to Kowalke and Hougen (see ref. No. 124) the forsterite 
crystals completely enclose the periclase crystals, binding 
them firmly together and forming a very strong mass. 
For this reason, Continental users attach much importance 
to the presence of at least 5% of silica, and when less than 
this proportion is present some manufacturers add an 
equivalent amount of clay. A. Scott has reported the 
occurrence of a substance similar to the mineral monticellite 
(MgO-CaO-SiO,) in some British magnesite brick. The 
other impurities in magnesia brick are similar to those in 
fire-clay and silica brick. See reference No. 50, p. 278. 
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150. R. A. AND W. L. Penpercasrt, ‘‘Olivine 
as a Refractory,”’ Bur. Standards Jour. Research, 12 {2} 
215-22 (1934); R. P. 645.—Chemical analyses showed 
that the silica ranged from approximately 40 to 45%, 
magnesium oxide 40 to 49%, and iron as ferrous oxide 7 
to 15%, with lesser amounts of alumina, calcium, and 
titanium. The rate of thermal expansion was faily reg- 
ular from room temperature to 900°C. (1652°F.), except 
for slight irregularities between approximately 200° and 
300°C. (392° and 572°F.) and 650° and 700°C. (1202° and 
1292°F.). These irregularities were less evident in the 
heated material than in the raw material. The total ex- 
pansion from 20° to 900°C. (68° to 1652°F.) ranged from 
0.942 to 1.082% and was somewhat lower than that of 
magnesite. The true specific gravity ranged between 
3.206 and 3.420 for the raw material and between 3.294 
and 3.434 for the material heated at 1400°C. (2552°F.). 
The specific gravity of the materials low in calcium oxide 
was decreased by heating. The P.C.E. (softening point) 
of the raw ore ranged from 30 to above 35 (1649° to 1785°C 
(3000° te 3245°F.)), except that of the material high in 
calcium oxide which varied from 11 to 16 (1285° to 1450°C. 
(2345° to 2642°F.)). The P.C.E. of the raw material was 
not necessarily the same as that obtained on the material 
after heating at 1400°C. (2552°F.). The olivines from 
North Carolina were more refractory than those from the 
other sources. Petrographic analyses were made on the 
olivines before and after the various heat treatments. The 
principal result of heating the olivines to 1400°C. (2552°F.) 
or higher was the apparent removal of the fayalite from 
the solid solution series (and its subsequent decomposi- 


tion), leaving the olivines composed almost wholly of 
forsterite. 
151. A. F. Greaves-WaALKER AND R. L. Srone, 


‘Production of Unfired and Fired Forsterite Refractories 
from North Carolina Dunites,’’ North Carolina State Coll. 
Eng. Expt. Sta. Bull., No. 16, 123 pp. (1938).—The 
olivine deposits of North Carolina are discussed. Experi- 
mental results are given on the determination of the correct 
grain size and other factors for greatest compressive 
strength of forsterite refractories. Dunite can be sub- 
stantially purified by eliminating antigorite and chlorite 
during grinding, crushing, and screening operations by 
discarding material retained on a 20-mesh screen. Only 
bonding agents gave satisfactory results for an unfired 
forsterite refractory, viz., Lumnite cement (7.4 to 9.1%), a 
high Al,O; hydraulic cement, and Na silicate (not over 
2.92% calculated on the anhydrous solid basis). Liquid 
Na silicate having a Na,O: SiO, ratio of 1.00:3.22 gave the 
best results. A material rich in MgO, such as magnesite 
or high MgO dolomite, must be used as the conversion 
agent. Cr,O;, to form chromite with the FeO, in conjunc- 
tion with MgO-rich material, to form forsterite, is very 
satisfactory. Tire MgO-rich material should be added in 
an amount sufficient to introduce at least 7.41% MgO into 
the mix. The mixture of MgO-rich material and olivine 
should be calcined at temperatures of 1621° to 1649°C. 
(2950° to 3000°F.) to produce a refractory stable at 1482° 
C. (2700°F.) or above in order to make conversion com- 
plete. The unfired refractories should preferably be made 
entirely of calcine, as the introduction of raw olivine is 
detrimental. The fired refractories can be made of mixes 
containing up to 25% crude olivine, if fired to cone 30 
(1649°C. (3000°F.)). The calcine could be produced in a 
rotary cement kiln and should be crushed to pass 6 mesh 
and screened on a 60-mesh sieve. Any material passing 
60-mesh should be discarded as it contains the largest 
portion of the magnesioferrite. 

152. R. L. Srone, “Thermochemistry of North Caro- 
lina Olivine in the Manufacture of Forsterite Refractories,”’ 
Jour. Amer. Ceram. Soc., 22 [10] 342-48 (1939).—The 
main cause of failure of forsterite refractories is the in- 
complete conversion of impurities. Firing to 1593°C. 
(2900°F.) or preferably 1649°C. (3000°F.) or above is 
necessary. MgO or MgO-rich material may be used with 
crushed olivine to eliminate the glassy phase. During 
firing, the fayalite and hydrosilicates of Mg are decom- 
posed. FeO is completely removed from the fayalite at 
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704°C. dig ) and is as Fe,O, in the cleavage 
planes of orsterite material. At higher 
temperatures the the FeO, is converted to Fe;Q,. In the 
the is converted at 1593 °C. 

to Fe,O; in an atmosphere alternately 
and reducing to Fe,OQ,; at 148.9°C. (300°F.) 

Fe,0; takes place in au 
oxidizing atmosphere. The SiO, from the fayalite pro- 
duces a simple MgO-SiO; system with no liquid phase below 
1307°C. (2385°F.), at which temperature approximately 
10% of the mass of forsterite material becomes liquid. 
Free O in the atmosphere is essential to the decomposition 


153. A. V. Rupwneva, “Change of Structure and 
posi Serpentines and Dunites on 
, 7 [1] 54-61 (1939).—By optical and 
products obtained by heating ser- 
dunites at 600°C. 1112°F.), 

13 ), 1800°C. (2372°F.), 1400°C. (2552°F.), and 
1500°C. (2732°F.) were investigated (+ indicates mineral 


appears; — indicates mineral disappears). 

Serpentines Dunites 
1500°C 
+:«*Fayalite 
2732°F | (2FeO- 


1400°C. — Glass 
2552°F. — Enstatite 


(MgO -SiO,) 

+ Spinel (MgO -Al,0,) 

Clinoenstatite 
(MgO-SiO;) 

+ Forsterite 
(2MgO -SiO,) + Forsterite 

+ Periclase (MgO) 1300°C. (2MgO-SiO,) 

— Magnesite (MgCO;) 372° Olivine 

— Pseudoanthophyl- ((2MgFe)O-SiO,) 
lite ((MgFe)O-- — Pseudoantho- 
SiO;) phyllite ((MgFe)- 

O-SiO,) 

+ Renate + Glass; present up 

to 1400°C. 
((MgFe)O- SiO,) (2552 °F.) 

— Antigorite 2 + Enstatite (MgO-Si- 
(3MgO-2Si0, -- 1000 °C. ); present up to 
2H,0) 1832°F 1400 °C. (2552 °F.) 

— Chrysotile + Periclase (MgO) 
(3MgO - 2Si0, -- — Magnesite (MgCO,) 
2H,0) ; disappears — Antigorite 
below 1000°C. (3Mg0. 2SiO, -- 
(1832 °F.) 

600°C 
1112°F 
Magnetite (FeO-- Magnetite (FeO-- 


(MgO-Al,O;) inclu- 

sions; present at all 

temperatures 
Chromite; present in 


all cases. 

154. F. A. Harvey anp R. E. Brircu, “Olivine and 
Forsterite Refractories in America,” Ind. Eng. Chem., 30 
[1] 27-32 (1938).—The preparation of forsterite brick by 
firing olivine and MgO was independently developed in the 
United States. 

V. M. Gotpscumipt, “Olivine and Forsterite 

Refractories in Europe,” Ind. Eng. Chem., 30 [1] 32-34 
(1938).—Olivine is fired in contact with magnesite to yield 
a refractory product of forsterite and Mg ferrite. 

156. R. E. Brrca anp F. A. Harvey, “‘Forsterite and 
Other Magnesium Silicates as Refractories,”” Jour. Amer. 
Ceram. Soc., 18 [6] 176-92 (1935).—In a survey of Mg 
silicates, studies were made of talc, serpentine, and olivine 
and mixtures of these and MgO. Forsterite (2MgO-SiO.) 
is the only Mg silicate stable above 1562°C. (2844°F.); 
hence the refractory should be chiefly forsterite. Such a 
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refractory was made by enriching a low-Fe magnesian 
olivine with MgO. The MgO served to convert certain 
accessory minerals, such as talc and serpentine, to forsterite. 
The forsterite refractory withstood exceptionally high 
temperatures under load before failure. Full data are 


given. 

157. F. Remsart, “Magnesium Orthosilicate as a 
Refrac Building Material,” Tonind.-Ztg., 56 [23] 323- 
24 (1932).—Magnesium orthosilicate withstands high 
temperatures and the attack of fused compounds. It has 
properties similar to those of Al,SiO, and may be used for 


linings. 

158. Luise Pieper, “New Refractory Materials from 
German Serpentines,” Ber. Deut. Keram. — 18 [2] 41-64 
(1937).—The phase rule of the system MgO-SiO,—Fe,0, i is 
discussed. The occurrence of several deposits of serpen- 
tine is described. Forsterite bodies fired at cones 14 to 
15 (1390° to 1410°C. (2534° to 2570°F.)) were prepared 
by admixture of the quantity of oe os and mineralizer 
required to form 2MgO-SiO, and MgO-Fe,0; from the 
decomposition of fayalite. Chemical, physical, and micro- 
structural properties of the products are described. The 
materials have a refractoriness between those of SiO; and 

magnesite brick and have a relatively large thermal ex 
of 0.6% between (212°F) and 700°C. 
{1202 292°F.). An experimental pressed brick made by mix- 
mixture of serpentine, caustic burned MgCO,, A 2% 
MgF; as mineralizer was fired at come 15 (1410°C, 
(2570°R. )).. The product was an excellent refractory with 
4.7%, porosity 21.5%, density 2.3, and 
temperature of initial collapse 1620°C. (2948°F.). The 
presence of 2MgO-SiO, and 2FeO-SiO, was 
both on the surface and within the serpentine grains. It 
is not necessary to preform the required phases by the 
expensive process of mixing and calcination. The MgCO,, 
however, must be precalcined to reduce the firing shrinkage. 

159. G. Marouvort, V. So_tazzo, AND A. GIANNONE, 
“‘Forsterite Refractories from Serpentine and Magnesite,”’ 
Ricerca Sci., Ser. I1, Year 9, II [9-10] 615-19 (1938).— 
A typical Italian serpentine contains SiO, 38.53, Al,O; 
3.81, Fe,O; 6.80, FeO 1.51, MgO 34.30, CaO trace; loss 
on fusion 14. 58%, not determined 0.47%, melting point 
1530°C. (2786°F.). When this serpentine, roasted at 
900°C. (1652°F.), is mixed with MgO and H;0 to a thick 
paste, the melting point is raised: 10% MgO, 1740°C. 
(3164°F.); 20%, 1780°C. (3236°F.); 30%, 1790°C. 
(3254°F.); 40% 1800°C. (3272°F.): 60%, 1865°C. 
(3389°F.). The MgO was made by heating, in a muffle, 
magnesite of the following composition: MgO 41.51, 
CaO 2.26, RsO; 1.21, and SiO; 2.15; loss on heating was 
52.87%. By heating the mixture at 1100° to 1300°C. 
(2012° to 2372°F.) the amount of free MgO diminished 
because of compound formation. With 10% MgO there 
was no free MgO after 12 hr. at 1100°C. (2012°F.); with 
30% MgO, 15% free MgO was found after 16 hr. at 1300°C. 
(2372°F.). Addition of 1.5% MgChk-H;BO,; to act as 
flux had little effect on the rate of combination. 

160. V. M. Tsynxrna, “‘Krasnodar Serpentinite as a 
Raw Material for the Production of Forsterite Refrac- 
tories,’”” Ogneupory, 6 [12] 1682-90 (1938).—The composi- 
tion of the material was SiO, 40.40, TiO, 0.09, CO, 0.92, 
Al,O; 1.17, CreO3 0.37, Fe,O; 4.50, FeO 2.10, NiO 0.14, 
MnO 0.14, CuO 0.04, CaO trace, MgO 38.56, Na,O 0.05, 
K,0 0.11, Li,O 0.013, H:O 11.59%, and SO; trace. The 
apparent porosity was 1.6 to 6.8%, water absorption 0.6 
to 2.8%, volume weight, 2.46 to 2. 4 gm. per cc., specific 
gravity 2.649, and refractoriness 1550°C. (2822°F.). 
The maximum porosity was at 800° to 900°C. (1472° to 
1652°F.). A considerable increase in density took place 
only at 1300° to 1400°C. (2372° to 2552°F.). The batch 
was prepared with the use of magnesite mostly in the form 
of metallurgical powder. Samples pressed at 500 to 550 
kgm. per sq. cm. were dried and fired at 1600°C. (2912°F.) 
in6hr. The most favorable magnesite content was 15 to 
20%, but for resistance to basic open-hearth slag the 
magnesite should be increased to 20 to 25%. The prop- 
erties were as follows: failure under a load of 2 kgm. 
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per sq. cm., starting at 1630° to 1640°C. (2966 ° to 2984 °F.) 
and ending at 1660°C. (3020°F.); refractoriness 1790° to 
1825 °C. (3254° to 3317°F.); porosity 25 te 30%; crush- 
ing strength 360 to 500 kgm. per sq. cm.; resistance to 
spalling 4 to 10 coolings. The resistance to basic open- 
hearth slag is higher than that of silica brick. The use of 
serpentine without preliminary firing gave poor results. 
Firing in rotary kilns was the most expedient. About the 
same data were obtained with a trial lot of brick prepared 
from the same material, whether briquetted or not. Ser- 
pentine can probably be used instead of dunite in chromite 
refractories. 

161. Ya. Kiyucnarev, ‘Fused Magnesia, Its Use as 
a Refractory,” Trudy Vsesoyusz. Nauch.-Issledovatel. Inst. 
Keram., No. 47, 72 pp. (1935); abstracted in Referat. 
Silikatliteratur, 3, 3105 (1936). —Mixes of fused MgO and 
quartz (forsterite), unfired mixes, and mixes of fused 
MgO with a fused MgO bond, water glass, and Sorel ce- 
ment were studied. The brick were fired to 1580°C. 
(2876°F.) and 1610°C. (2930°F.). Comparative tests 
with dead-burned magnesite brick showed that fused MgO 
brick withstood 14 to 27 chilling tests while the former 

averaged only 5. Magnesia-silica brick showed no soften- 
ing at 1750°C. (3182°F.) under load. 

162. A. V. TERESHCHENKO AND M. MArcUvLIs, 
‘*Talc-Magnesite Refractories,"" Ukrain. Nauch.-Issledo- 
vatel. Inst. Ogneuporov & Kislotouporov, No. 44, pp. 118-20 
(1938).—Talc-magnesite brick contains forsterite 85, spinel 
5, periclase 5, and hematite and magnesite 5%. It has 
a refractoriness of 1780°C. (3236 °F.), mechanical strength 
200 to 250 kgm./sq. cm., incipient deformation under load 
1550 °C. (2822°F.), and. porosity 22 to 28%. The brick 
is resistant to basic and iron slag 


163. D. P. Gricor’ev, “Coloring Different Synthetic 
Silicates with Nickel,” Zapiski Vserosstiskogo Mineral. 
Obshchestva, 67 [1] 63-66 (1938); abstracted in Chem. 


Zentr., 1939, II, 1455.—Synthetic forsterite containing up 
to 4. 88% Ni, enstatite containing up to 4.74% Ni, saa 
amphiboles (of the tremolite type) containing up to 
4.94% Ni were obtained. The melting was carried out at 
1500°C. (2732°F.) with an addition of 2 to 4% boric acid. 
Orthosilicates were green; silicates with a chain structure 
were yellow. 

164. Friepricu Rinne, “Observation and X-ray 
Investigation Concerning the Rearrangement and De- 
composition of Crystal Structures,”’ Z. Krist., 59, 230-48 
(1924).—Observations were made ‘of the crystal structure 
for the isomorphous series forsterite, fayalite, etc. 

165. A.G. Marants, “Magnesite Brick with Forsterite 
Binding,”’ Ogneupory, 6 [10] 1507-18 (1938).—The follow- 
ing batch is recommended: 85% fired magnesite contain- 
ing not under 90% MgO, 14.7 to 14.5% talc-carbonate 
rock (or other minerals such as dunite, serpentine, etc.), 
and 0.3 to 0.5% refractory clay. The manufacturing 
process is the same as that for ordinary magnesite brick. 
The grains of fired magnesite must be not larger than 
0.75 to 1.0 mm.; tale rock and clay must pass a 70-mesh 
screen. The pressing must be done at 700 to 800 a. 

per sq. cm. and the firing at 1540° to 1560°C. (2804 
2840 °F.). The addition of talc rock increases the amath 
under load at high temperatures, the Boog of the 
beginning of deformation increasing 7 to 80°C. (158° 
to 176°F.) (1600° to 1620°C. (2912° to y ap48° F.)) and the 
end 120° to 160°C. (248° to oO0°F) (1680° to 1700°C. 
(3056° to 3092°F.)). Brick made as above in an electric 
furnace were as good as ordinary magnesite brick. 

166. See reference No. 175, this page. 

167. A. Lévy, Ann. Phil., (2}7, 61 (1824); from Mel- 
lor,* Vol. 6, p. 384.—The mineral forsterite was first 
described by L. in 1824. It was named after L. Forster. 
The mineral was found as crystals and crystal aggregates 


in Vesuvian lava. 

168. J. J. Esec_men, “A New Pyro Method for Obtain- 
ing the Combination of Crystals,”” Ann. Chim. Phys., 
(3}33, 34-74 (1851); from Mellor,* Vol. 6, p. 384.—E. 
synthesized crystals of forsterite by using a mixture of 
boric acid, silica, and magnesia. The boric oxide simply 
served as a solvent of relatively low melting point, and it 
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was evaporated by a protracted heating at a high tem- 
perature. 

169. G. Lecnartier, Compt. Rend., 67, 41 (1868); 
from Mellor,* Vol. 6, p. 384.—L. prepared forsterite by 
fusing silica and magnesia along with calcium chloride. 

170. P. HAUTEFEUILLE, “Reproduction of Titaniferous 
Minerals,’’ Ann. Chim. Phys., |4}4, 129-76 (1865); from 
Mellor,* Vol. 6, p. 384.—H. prepared forsterite by fusing 


silica and m al with magnesium chloride. 
171. S. Meunier, Compt. Rend., 93, 737 (1881); 
from Mellor,* Vol. 6, p. 384.—M. prepared forsterite by 


heating it to redness in a mixture of steam and silicon 
chloride. 

172. N. G. Serstrém, Jour. tech. dkon. Chem., 10, 
145 (1831); from Mellor,* Vol. 6, p. 384. See reference 
No. 218, p. 290. 

173. W. A. Lampaprus, Jour. Mines, 18, 171 (1805); 
from Mellor,* Vol. 6, p. 384. 

174. J. A. HepvaLt, “Reactivity in Solid State of Silica 
with Oxides of Calcium, Barium, and M " Z. Anorg. 
Chem., 98, 57-69 (1916); from Mellor,* Vol. 6, p. 384. 

175. P. Bertuier, Ann. Chim. Phys., }24, 376 
(1823); from Mellor,* Vol. 6, p. 384.—In references Nos. 
172 to 175, the authors oF various mixtures of mag- 
nesia and silica and obtained more or less devitritied 
enamels. 

176. J.W.Coss, “Synthesis of a Glaze, Glass, or Other 
Complex Silicate: IJ-IV,” Jour. Soc. Chem. Ind., 29, 250- 
59, 335-36, 399-404 (1910); from Mellor,* Vol. 6, p. 384.— 
C. noted that the reaction between magnesia and silica 
begins below the melting point of either component. 

177. W.PuKa Silikat Z.,2,74 (1914); from Mellor,* 
Vol. 6, p. 384.—P. obtained forsterite by heating an inti- 
mate mixture of magnesia and silicic acid. This product 
gained only 2.58% after lying in water for 70 days. 

178. G. Sremn, “Preparation of Some Silicates,” Z. 
Anorg. Chem., 55, 159-74 (1907) (p. 166); from Mellor,* 
Vol. 6, p. 384.—S. fused a mixture of magnesia and silica ata 
temperature exceeding 2000°C. (3632°F.) in an electrically 
heated carbon tube furnace and obtained crystals of for- 
sterite. See reference No. 250, p. 292. 

179. E. T. ALLEN, F. E. Wricat, anp J. K. CLEMENT, 
“Minerals of the Composition MgSiO,; a Case of Tetra- 
morphism,” Amer. Jour. Sci., [4]22, 385-438 (1906); from 
Mellor,* Vol. 6, p. 385.—The crystals of forsterite are de- 
composed by HCL with the separation of gelatinous silica. 
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180. Henri HeERRENSCHMIDT, “Artificial Silicates of 
Magnesia,”’ Brit. 20,378, Sept. 24, 190..—The process of 
manufacturing artificial silicates of magnesia comprises 
fusing the mixtures 65% SiO, and 35% MgO and 70% 
MgO and 30% SiO, in an electric furnace. 

181. A. Marks, “Magnesite Refractory and Method of 
Making,” U. S. 1,616,055, Feb. 1, 1927.—Dead-burned 
magnesite ground to pass through a 20-mesh screen was 
mixed thoroughly with 3.5 to 8.5% linseed oil or other 
vegetable oils having reactive properties and was then 
pressed into brick. These brick were dried and were then 
fired at 1400° to 1500°C. (2552° to 2732°F.). Compara- 
tive petrographic studies of water-bonded and oil-bonded 
brick showed that the forms were made up of periclase 
grains about 0.15 mm. in diameter cemented with for- 
sterite and monticellite. The individual grains were 
saturated with iron oxide and were firmly cemented to- 
gether into aggregate groups; the groups or aggregated 
grains, however, were not so well bonded, and the brick 
was somewhat friable. The oil-bonded brick were made 
up of periclase grains about 0.04 mm. in diameter, The 
iron oxide was much less and existed as minute specks 
of magnesioferrite within the grains of periclase. The 
individual grains and groups of grains were cemented 
together with forsterite and monticellite. These brick 


* J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry. Longmans, Green & Co., 
Ltd., London, 1925. 
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had a finer, denser, and better cemented texture than the 
water-bonded brick. 

182. Joun D. (Battelle Memorial Institute), 
“Fused Refractory Products,’’ U. S. 2,113,818, April 12, 
1938.—Oxides of Mg, Si, and Fe are melted together with 
the MgO in such a preponderate proportion that the Fe 
oxide will be in solid solution and no silicate less basic 
than the orthosilicate will be present. 

183. G. E. Sem (E. J. Lavino & Co.), 
Magnesia Refractories,” Brit. 487,213, June 16, 1938; 
Can. 375,117, July 12, 1938; Fr. 832,283, Sept. 23, 1938; 
Ital. 358,921, May 6, 1938; U.S. 2,206,131, July 2, 1940.— 
To 100 parts by weight of dead-burned crystallized mag- 
nesia (ground to pass a 6-mesh screen) of the chemical 
composition MgO 90.80, Fe,O; 1.02, Al,O; 0.37, SiO, 5.34, 
and CaO 2.23%, 14 parts by weight of finely divided silica 
(ground to pass a 100-mesh screen) are added. These 
materials are mixed together, tempered, and pressed into 
brick which are dried and then fired at a temperature 
between 1704° and 1900°C. (3100° and 3450°F.). By this 
method, 2 refractory body is produced which has approxi- 
mately the following chemical analysis, MgO 78.24, FeO; 
2.62, Al,O; 0.79, SiO, 16.12, and CaO 1.93%, and the 
following petrographic analysis, periclase 58.01, magnesium 
orthosilicate 32.90, and monticellite 5.38%. The magne- 
sium orthosilicate was physically located in such a way that 
a structural network of magnesia as a base or grog, each 
grain of which is completely surrounded by an adhering 
mixture of magnesium orthosilicate and monticellite, was 
produced. Physical tests carried out on (A) these brick 
in comparison with (B) those of a uniform mixture of peri- 
clase and magnesium orthosilicate show that spalling losses 
in a standard dry panel spalling test at 1370°C. (2500°F.) 
are 26.6 and 40.6%, respectively. Brick A did not fail 
under a load of 25 Ib. per sq. in. at 1649°C. (3000°F.), but 
brick B failed at 1645°C. (2993°F.). Subsidence under 
their own weight standing on end after 5 hr. at 1593°C. 
(2900°F.) was 0.34% for brick A and 1.17% for brick B. 

184. Borcestap FABRIKKER, ‘‘Ceramic or Refractory 
Material,” Brit. 260,298, Oct. 24, 1925.—A comoosition 
for making refractory articles or for cement for binding 
other refractory materials is prepared by heating to 1000 
to 1400°C. (1832° to 2552°F.) a mixture of MgO and talc 
proportioned to form Mg orthosilicate, with or without 
fillers, such as olivine or Mg orthosilicate or similar sili- 
cates. 

185. AND R. Knupsen, “Ceramic 
Material,” Can. 271,177, May 21, 1927.—A ceramic 
product comprises artificial Mg. The orthosilicate to- 
gether with Mg silicates contains less silica in proportion 
to MgO than does the orthosilicate. 

186. Borcrestap FaBRIKKER, “Ceramic Material,” 
Fr. 34,049, Sept. 14, 1927; Addition to 623,573.—A 
ceramic material is made from particles of natural olivine 
rock agglomerated with Mg orthosilicate obtained arti- 
ficially, e.g., from talc and magnesite. The olivine rock 
may be replaced partially or wholly by particles of Mg 
orthosilicate. 

187. G. Knupsen, V. M. Go.pscumipt, AND R. 
KNupseEN, ‘Refractory Building Material, etc.,”’ Brit. 
307,391, Sept. 3, 1927.—In making a product consisting 
substantially of Mg orthosilicate, as described in Brit. 
260,298 (see reference No. 184), the talc is wholly or 
partly replaced by other Mg hydrosilicates, such as ser- 
pentine, in forming the reaction mixture. Various ma- 
terials may be added; details of procedure are given. 

188. V. M. GoLpscHMIDT AND R. KNupsEN, “Use of 
Natural Olivine Rock for Furnaces or Other Apparatus 
Exposed to High Temperatures or to Chemical Action,”’ 
Brit. 283,791, June 22, 1927; Can. 285,503, Dec. 11, 1928. 

pieces may be used or smaller pieces may be ag- 
glomerated with a binder such as colloidal Mg silicate, 
MgO, Mg(OH),, talc, lime, clay, or bituminous material. 

189. Merarices. A.-G., ‘“‘Refractory Materials,” 
Brit. 340,487, Sept. 23, 1929 (Oct. 23, 1928).—A material 
retaining substantially the same volume when fired 
is formed by mixing, in granular form, Mg silicates which 
expand when fired, such as olivine, with powdered 
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mixtures of Mg silicates and substances rich in Mg, such 
as magnesite, which contract when fired; an organic 
binder such as sulfite cellulose lye may also be added, 
and the composition may be molded under pressure and 
fired at a temperature suitable for the formation of Mg 
orthosilicate. 

190. Mera.tices. A.-G., ‘Refractory Materials,” 
Brit. 337,605, Dec. 24, 1930 (Nov. 7, 1929).—Mg silicate 
materials such as olivine, serpentine, or talc containing 
Fe are heated, without fusion, with substances rich in 
Mg, such as MgO or magnesite, in an oxidizing atmosphere 
for the conversion of the Fe present into Mg ferrite and of 
the free SiO, into Mg orthosilicate. Materials containing 
Ni, Mn, Cr, and Al may be similarly treated; numerous 
details and examples are given. 

191. V. M. Gotpscumipt AND KNupseEN (Bor- 
gestad Fabrikker), ‘‘Ceramic Material (Artificially Pro- 
duced Magnesium Orthosilicate),’’ U. S. 1,756,786, April 
29, 1930.—The material is obtained by firing a mixture of 
talc and MgO so that all is converted to 2MgO-SiO:. 

192. V.M. Gotpscumipt (R. Knudsen, co-inventor), 
“Refractory Compositions,’’ Ger. 583,194, Aug. 31, 1933.— 
Compositions consisting mainly of Mg orthosilicate are 
prepared by heating talc with MgO or magnesite to a 
temperature insufficient to fuse the mixture, e.g., to 1300° 
to 1450°C. (2372° to 2642°F.). Natural Mg orthosilicate 
may be added to the initial mixture. 

193. AND K. Srepenropr ( Metall- 
ges. A.-G.), “Highly Refractory Products Suitable for 
Use in Brick Form,” U. S. 1,926,094, Sept. 12, 1933.— 
Coarse granular natural products rich in Mg orthosilicate, 
such as olivine, are mixed with finely ground material 
consisting of natural products rich in Mg orthosilicate 
and of substances rich in Mg, such as magnesite; the 
mixture is fired to produce a highly refractory product 
substantially free from troublesome changes in volume. 
The firing is conducted by heating to temperatures suf- 
ficiently high to effect cohesion of the particles while 
avoiding melting. 

194. F. A. Harvey anv R. E. Brrca, ‘‘Magnesia 
Refractory,” U. S. 2,026,088, Dec. 31, 1935.—Refractory 
brick are made from a mixture of (1) dead-burned mag- 
nesite, 85%, of the following approximate chemical com- 
position, MgO 85, FeO; 5, SiO, 4, and undetermined 
6%, ground to pass a 3-mesh screen, and olivine, 15%, 
ground to pass a 70-mesh screen; or (2) 90% dead- 
burned magnesite and 10% serpentine or an artificial for- 
sterite composition. The two ingredients are ground to- 
gether to pass through a 20-mesh screen. In either case 
the ingredients are thoroughly mixed with 5% water, 
pressed, dried, and then fired in a kiln furnace at tem- 
peratures as high as 1600°C. (2912°F.). The product 
obtained is made up of a granular basic refractory bonded 
by 5 to 50% crystalline forsterite. 

195. R.H. Youncman (Harbison-Walker Refractories 
Co.), “Refractory Material,” Brit. 317,449, Aug. i6, 
1928.—Serpentine is made suitable for use as a refractory 
material by calcining it at about 1600°C. (2912°F.) to drive 
off volatile constituents and reduce its porosity below 20%. 
The calcined material may be ground and molded into 
brick after admixture with “‘lignum liquor’’ or water and 
may be fired at about 50°C. (122°F.) below the calcining 
temperature. Magnesite may be added to vary the proper- 
ties of the product. 

196. F.A. Harvey AND R. E. Brrcs (Harbison-Walker 
Refractories Co.), ‘“‘Refractory Mortar Suitable for Re- 
sisting High Temperatures,” U. S. 2,077,793 to 2,077,796, 
April 20, 1937.—A forsterite refractory is prepared by 
grinding forsterite material to form coarse granules and 
mixing the latter with magnesia-rich material containing 
lime, 3 to 30%, in an amount sufficient to provide at least 
about 0.8% but not over about 8% of lime. 

197. F.A. Harvey R. E. (Harbison-Walker 
Refractories Co.), “Refractory Mortar Suitable for Re- 
sisting High Temperatures,”’ U. S. 2,077,296, April 20, 
1937.—A refractory material contains at least about 50% 
of chrome ore, at least 10% of olivine, and magnesite in 
an amount '/, to 4 times the quantity of the olivine. 
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198. ‘‘Refractory Compositions,’’ 
Ger. 677,322, Tune 23, 1939.—Chromite (50 pacts) 
is mixed with a material containing a high proportion of 
Mg orthosilicate, e.g., olivine (10 to 40 parts), and the 
mixture, optionally after molding, is fired, e.g., at 1430°C. 
(2606°F.). Either or both of the materials may first be 
calcined or sintered. Up to 50% of the chromite may be 
replaced by MgO. Preferably, the chromite is used in the 
form of coarse granules, while the MgO and the silicate 
are taken in finely divided form. Examples and various 
details are given. 

199. OsTeRREICHISCH AMERIKANISCHE MAGNESIT 
A.-G., “Refractory Products,” Fr. 837,165, Feb. 3, 1939.— 
Brick are made from a mixture of chromite with a minor 
portion of MgO. Most of the MgO is introduced into the 
mixture in finely divided form. The presence of finely 
divided chromite is avoided. Grains 0 to 0.1 mm. in diam- 
eter are removed from a crushed mass of chromite ore 
containing grains 0 to 3.0 mm. in diameter. The mass is 
then mixed with finely powdered magnesite, and a small 
amount of sulfite waste liquor is added to the mixture as 
a binder. The mixture is molded, dried, and fired at 
1400° to 1600°C. (2552° to 2912°F.). 

200. A. H. BeaLte anv E. F. McDowek tt, ‘Facing 
Compound for Steel Furnaces,” U. S. 850,723, April 9, 
1907.—The compound contains chrome ore 70, magnesite 
30, and a binder, such as anhydrous pitch or tar, 20 parts 
by volume. 


201. G. E. Sem, “Chromite Refractory Materials,”’ 
U. S. 2,028,018, Jan. 14, 1936; Belg. 396,089, June 30, 
1933; Can. 335,266, Aug. 29, 1933; Fr. 755,038, Nov. 18, 
1933; Ital. 314,924, Feb. 9, 1934; Brit. 409,130, April 
26, 1934.—A refractory product of chromite, in which the 
gangue of low melting point has been transformed into a 
refractory materiel, is made by intimately mixing the 
chrome ore and crystallized MgO highly calcined, the MgO 
being present in amount above 12.5% (preferably 17 to 
25%) of the total weight of the mixture, grinding and 
kneading the mixture, and molding and calcining the mass, 
probably to about 1650°C. (3002°F.). 

202. G. E. Sem, “Method of Making Chromite Re- 
fractories,”” U. S. 2,037,600, April 14, 1936.—Natural 
chrome ore is ground to form coarse granules and is mixed 
with dead-burned MgO in finely divided form and in a 
proportion of over 13.5% but insufficient to decompose the 
chromite spinel of the ore; the mixture is fired to produce 
a product of substantially higher softening point than 
that of a product similarly formed without the use of MgO 

203. G. E. Sem (E. J. Lavino & Co.), ‘Process of 
Making Chromite Refractories,’ U. S. 2,060,697, Nov. 10, 
1936; Belg. 417,817, Oct. 8, 1936; Ital. 345,818, Jan. 16, 
1937; Fr. 811,670, April 20, 1937; Can. 366,039, May 11, 
1937; Brit. 468,659, July 9, 1937.—In making a fired 
chromite refractory from natural chrome ore of a sub- 
stantially high softening point due to the conversion of at 
least a substantial portion of the low-melting gangue into 
a refractory material without decomposition of the chrom- 
ite spinel of the ore, chrome ore is heat-treated in the pres- 
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ence of Mg(OH)s, dead-burned magnesite, or a magnesium 
salt such as MgCO,, furnishing MgO after ignition, at a 
temperature at least equal to the firing temperature of the 
refractory (the Mg salt being present in an amount suffi- 
cient to furnish MgO to convert at least a substantial por- 
tion of the low-melting gangue into forsterite but insuffi- 
cient to decompose the chromite spinel of the ore), a por- 
tion of the treated ore is ground to relatively coarse gran- 
ules, another portion is ground to relatively fine granules, 
and a suitable mixture of the fine and coarse material is 
tempered with water and is shaped and fired. 

204. W.M. Farnsworts, ‘‘Refractory Material Suit- 
able for Lining and Patching Electric Furnaces, etc.,”’ 
U.S. 2,033,886, March 10, 1936.—Olivine 2, chrome ore 
about 1, and calcined magnesite about 3 parts are used 
together. 

205. G. E. Sem, “High Temperature Refractory Ce- 
ment,” U. S. 20,413, June 15, 1937; reissue of original 
U. S. 2,042,363, May 26, 1936.—Refractory cement which 
will withstand up to 1927°C. (3500°F.) is formed of 72 
parts of heat-treated recrystallized chrome ore ground to 
pass through a 40-mesh screen, 21 parts of ground peri- 
clase, 5 parts of water-soluble sodium silicate, and 2 parts 
of starch. If oil is used instead of water, then 0.1% rosin 
will replace the starch. These materials are mixed to- 
gether until they form a uniform mixture. The ultimate 
material (after firing) will be made of chromite and forster- 
ite. 

206. G. C. Fiupper, G. E. FLuppgr, anp A. W. 
FLuppeER, “Refractory Material for Brick,’’ U. S. 976,996, 
Nov. 29, 1910.—Refractory material for brick, etc., is 
made by agglomerating a mixture of SiO, or alumina, mag- 
nesite, or chrome ore (with or without Mg silicate) with 
Al,(SO,); and hot H,O and then firing. 

207. H. G. Turner, “Material for Furnace Linings,” 
U. S. 785,841, March 28, 1905.—Magnesite is melted in 
an electric furnace, cooled, and finely ground. The powder 
produced is mixed with about 2% of a material, such as 
boric acid, borax, MgCl,, or water glass, which will act 
as a binding agent. The mixture is made into a paste 
with water and applied as a coating to the furnace lining, 
or the mixture may be moistened with water, pressed into 
brick, and fired in a suitable kiln. A highly refractory 
material of crystalline MgO is obtained. 

208. ARTHUR SPRENGER, “Refractory Mass,”’ Ger. 
667,691, Nov. 18, 1938; Cl. 80). 8.04.—Fireproof chromite 
stone is made from a paste of ground Cr ores containing 
the oxides FeO and MgO and the oxides Cr,O; and Al,O; 
in proportions as nearly equimolecular as possible and 
containing less than 3% of SiO,. In an example, the start- 
ing material is a Cr ore containing 51.8 CreOs, 13.5 AlyO,, 
5.4 Fe,O;, 13.3 FeO, 13.2 MgO, and 1.2% of SiO., MnO, 
and CaO. 

209. G. E. Sem (E. J. Lavino & Co.), “Refractory 
Brick Suitable for Use in Furnace Construction,” U. S. 
2,170,254, Aug. 22, 1939.—A body such as a fire-clay 
brick is provided with a dried but unfired, waterproof, 
and cementatory adhering coating including a water- 
insoluble base, such as chrome ore and periclase. 


Monticellite 


210. Pavut HERMANN, “Investigations on the Melting 
of Orthosilicates,”” Z. deut. geol. Ges., $8, 396-404 
(1906).—A series of mixtures of Ca and Mg orthosilicates 
at intervals of 6% made from pure chemicals in graphite 
crucibles were prepared and studied optically. H. sug- 
gests that ‘‘dusting” is due to volume change or inversion. 
Day, Shepherd, and Wright (see reference No. 22, p. 275) 
are referred to. Dusting ceases beyond 18.5% 2Mg0O-- 

SiO,. Fifty per cent of the mix contained only monticel- 
lite and glass. Some very interesting considerations on 
the velocity of crystallization are included. A curve is 
obtained with two very marked maxima, one at the com- 
position of monticellite and one at 68.75% 2Mg0O -SiO,, 
when mixed crystals and forsterite are in equal quantities. 
The curve is based on the assumption of H. that velocity 


of crystallization is proportional to the volume of the 
crystals when the conditions of cooling are the same 
Illustrated. 

211. J. B. Fercuson anp H. E. Merwin, “VII, Ter- 
nary System CaO-MgO-SiO,,"’ Amer. Jour. Sci., [4)48, 
81-123 (1919).—Charges of known composition, made up 
of chemically pure CaCO;, MgO, and SiO:, were thoroughly 
mixed in a mortar, fused in platinum crucibles, and re- 
duced to a fine powder. This procedure was repeated 2 or 
3 times to insure complete homogeneity in the final prod- 
uct. Crystals of monticellite were obtained from 5 


quenches at temperatures between 1400°C. (2552°F.) and 
1500°C. (2732°F.), having compositions ranging from 33 
to 37 CaO, 21 to 28 MgO, and 39 to 42 SiO,. The crystals 
appeared as equant grains without facets. 


The phase 
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CaO-MgO-SiO; is unstable at its melting point, and in 
addition it is variable in composition since it belongs to a 
series of solid solutions of forsterite in pure monticellite. 
The limit would be about 10% forsterite or corresponding 
to the composition CaO 32, MgO 28.75, and SiO, 39.25. 
Attempts to prepare pure ‘monticellite did not succeed ; 
instead, a mixture of crystals of alpha-2CaO-SiO, and 
crystals of monticellite solid solution was always obtained. 
See reference No. 63, p. 279. 

212. Netson W. TAYLOR AND FRANCIS J. WILLIAMS, 
“Reactions Between Solids in the System CaO—-MgO-SiO, 
in the Temperature Range 600° to 1200°C. (1112° to 
2192°F.),”” Bull. Geol. Soc. Amer., 46 [7] 1121-36 (1935).— 
All the anhydrous compounds in the system except mer- 
winite were prepared by heating mixtures of CaCO;, Mg- 
CO;, and quartz at 600°C. (1112°F.), 800°C. (1473°R 5, 
1000 °C. (1832°F-), and 1200°C. (2192°F.) for 20 hr. X- 
ray examination was used for identification. MgO crys- 
tallized readily at low temperatures while CaO did not. 
MgO also replaced CaO in silicates. The mineral phases 
formed were determined more by diffusion mechanism 
than by equilibrium factors. CaO-SiO, mixes reached 
equilibrium more easily than the MgO-SiO, mixes. The 
order of ease of for mation of the various solids agrees with 
field observatior- of thermal metamorphism. 

213. D.S. Bervanxrin, K. M. Fropot’ev, ANp C. S. 
“Experimental Studies of Magnesium Iron- 
Bearing Monticellites,”” Neues Jahrb. Mineral. Geol., Beilage 
Bd., 68, 337-47 (1934).—Artificial monticellites were 
made of the composition 2CaO-SiO., where the second 
portion of the molecule comprises successively 100, 67. 49, 
29, and 7% 2MgO-SiO,. Their liquidus temperatures 
and optical properties were determined. 

214. G. B. Brown anp J. West, ‘‘Structure of Monti- 
cellite (MgO-CaO-SiO,),” Z. Krist., 66, 154-61 (1927).— 
The space lattice is studied. 

215. D. BELYANKIN AND B. IvaANov, “System of 
Monticellite,”” Amer. Jour. Sci., [5)22, 72-80 (1931).—The 
average refractive index of monticellite ('/; of alpha + 
beta + gamma) rises steadily and regularly with increases 
of Feand Mn. The birefringence (gamma-alpha) is small 
for varieties rich in MgO (0.015 to 0.017) but increases 
rapidly to 0.050 for Fe-rich varieties. Although not a 
straight line, 2V decreases with increase of Fe and Mg. 

216. J. W. Me ior, Comprehensive Treatise on In- 
organic and Theoretical Chemistry: Vol. 6, p. 408. 
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Longmans, Green & Co., Ltd., London, 1925.—The very 
rare mineral monticellite was named after T. Monticelli; it 
was found in yellowish crystals at Mount Vesuvius. The 
mineral belongs to the olivine family which includes for- 
sterite, fayalite, and tephroite. 

217. H. J. Brooxe. Phil. Mag., [1]10, 265 (1831); 
from Mellor,* Vol. 6, p. 408.—The crystals of monticellite 
were first described by B. in 1831. 

218. N.G. Serstrém, Jour. tech. dkon. Chem., 10, 145 
(1831); from Mellor,* Vol. 6, p. 408.—S. obtained a glass 
of the composition of magnesium calcium orthosilicate by 
— the constituents together. See reference No. 172, 
Pp. 

219. V. PdéscCHL, “Experimental Investigations on Iso- 
Silicates,"” Tschermak’s mineralog. & petrog. 

, [2]26, 413-56 (1907) (p. 442); from Mellor,* Vol. 6, 
* 208. —P. prepared products containing monticellite by 
fusing the component silicates. 

220. J. Morozewricz, Tschermak’s mineralog. & petrog. 

itt., [2]18, 191 (1899); from Mellor,* Vol. 6, p. 408.— 
M. prepared products containing monticellite by fusing the 
component silicates. 

221. V.S. DeLeano, “Fusion Experiments on Calcium 
and Magnesium Silicates,” Z. Anorg. Chem., 84, 401-30 
(1914); from Mellor,* Vol. 6, p. 408.—D. studied the fusion 
curves of mixtures of magnesium and calcium orthosilicate 
and found that a eutectic is produced at 1400°C. (2552°F.) 
with about 80% of magnesium orthosilicate. No monti- 
cellite was formed, and it was assumed that the occurrence 
of this mineral in volcanic products shows that a mineral- 
izer was present. Mixtures rich in calcium orthosilicate 
disintegrate on cooling. Enstatite is formed, and the dis- 
integration of calcium orthosilicate occurs in the presence 
of up to 50% of enstatite. 

222. See reference No. 210, p. 289. 

223. G. TSCHERMAK, Sitsber. Akad. Wiss. Wien, 115, 
221 (1906); from Mellor,* Vol. 6, p. 409.—T. found that 
when monticellite is treated with acids orthosilicic acid 
separates out. 

224. W. Suma, Sitsber. Akad. Wiss. Wien, 113, 736 
(1904); from Mellor,* Vol. 6, p. 409.—S. found that the 
mineral is feebly stained by basic aniline dyes. 


* J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry. Longmans, Green & Co., 
Ltd., London, 1925. 


Merwinite 


225. E.S. LARSEN AND W. F. Fosuac, “‘Merwinite, a 
New Calcium Magnesium Orthosilicate from Crestmore, 
California,”” Amer. Mineralogist, 6, 143-48 (1921).—Mer- 
winite has characteristic optical properties with high relief, 
moderate birefringence, and polysynthetic twinning. The 
mineral is colorless to very pale greenish and has a vitreous 
luster. The mixture has a light greenish to grayish color 
and a somewhat greasy luster. It dissolves quickly and 
completely in HCl and, upon evaporation, gelatinizes per- 
fectly. The compound 3CaO-MgO-2SiO, does not appear 
in any of the lime—magnesia-silica systems which have been 
studied. Merwinite is, therefore, probably a low tempera- 
ture form, breaking down before its melting point is 
reached. Its association with wollastonite indicates that 
it crystallizes below a temperature of 1190°C. (2174°F.), 
the inversion temperature of wollastonite. Its occurrence 
in rocks of pneumatolytic contact metamorphic origin indi- 
cates a temperature much lower still. 

226. J. PHemistrer, ‘Summary of Progress of Geo- 
logical Survey of Great Britain for 1937-1938,"’ 109 pp. 
Petrographical Department, pp. 86-87.—Merwinite was 
found in a sample of blast-furnace slag as an essential con- 
stituent. It is triclinic and has a somewhat higher bire- 
fringence than the naturally occurring mineral. 


PATENTS 
227. H.C. Leg (Non-Metallic Minerals, Inc.), ‘‘Mer- 
winite Refractories,’’ Can. 358,403, June 9, 1936.—Dolo- 
mite (400 parts by weight) and silica sand (83 parts by 


weight), proportioned to give 1.4 parts of lime for each part, 
by weight, of silica, are ground in a ball mill with water 
until a substantial portion passes a 200-mesh screen. In 
slurry form it is fed to a rotary kiln fired at 1538°C. 
(2800° F.) to form a dense hard light brownish gray clinker; 
this is crushed to pass a 6-mesh screen, tempered with 6 to 
8% water, pressed into brick, dried, and fired at cones 14 to 
16 (1390° to 1450 °C. (2534° to 2642°F.)). The product con- 
sists of crystals of merwinite intermixed with periclase. 
It withstands higher temperatures than fire-clay refrac- 
tories, is resistant to open-hearth slags, has a lower thermal 
conductivity than magnesite refractories, and possesses 
slight hydraulic properties. 

228. Non-METALLIC Mrineracs, Inc., ‘Refractory 
Materials,”’ Fr. 805,091, Nov. 10, 1936.—A refractory is 
made by heating CaO and SiO, in the proportions of 1 to 
1.4 with MgO, which represents at least 12% of the mix- 
ture. The proportions are such that merwinite and peri- 
clase are obtained. 

229. Non-METALLIC MINERALS, INCc., “Refractories,” 
Fr. 47,446, May 5, 1937; addition to 805,091 (see preced- 
ing ref.); Brit. 475,508, Nov. 19, 1937; addition to 464,- 
047, April 21, 1937.—An agent which will protect the mer- 
winite against harmful reaction when it finally comes in 
contact with lime, e.g., oxy compounds of B, P, or Cr, is 
added to the mixture to be heated. The MgO is used in 
excess of that needed to produce merwinite. 

230. H.C. Lege (Non-Metallic Minerals, Inc.), ‘‘Mer- 
winite-Containing Refractories,” U. S. 2,089,970, Aug. 17, 
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1937; Brit. 464,047 (see preceding ref.); Fr. 808,862, 
Feb. 17, 1937.—Refractories are made by heating ma- 
terials having a basis of MgO, CaO, and SiO, to obtain a 
silicate binder which contains Ca and Mg and which is 
both a union or hydraulic setting agent at a low tempera- 
ture and a crystalline union agent at high temperature; 
thus a magnesian clay and dolomite in proportions to give 
about a 1.6: 1 ratio between CaO and SiO, are grcund, inti- 
mately mixed into a paste, molded in the form of blocks, 
dried, and calcined. The calcined blocks are hard and 
dense and are composed of periclase, merwinite, and Ca 


orthosilicate. Examples are given of the use of sedimen- 
tary magnesite and limestone or dolomite and serpentine 
and dolomite. 
231. H.C. Les (Basic Dolomite, Inc.), ‘‘Lime-Resist- 
ant Refractories,” Can. 371,285, Jan. 18, 1938.—Material 
SiO, in proportions to form 
merwinite is fired, the product is crushed, and a solution 
of an agent, e.g., HBO, that protects merwinite against 
mr — of lime is added. The material is then molded 
an 


Barium Orthosilicate 


232. Pentti Esxora, “‘Silicates of Strontium and 
Barium,”’ Amer. Jour. Sci., 331-75 (1922).—Mix- 
tures were made of pure quartz, CaCO;, BaCO,, and Sr- 
CO;. These substances were dried at 150°C. (302°F.) be- 
fore weighing, mixed together, melted if possible, chilled, 
crushed, reheated, and ground twice more. The equi- 
librium relations were ascertained almost exclusively by 
the quenching method. Eutectic BaO-SiO,-2Ba0-SiO:: 
A mixture of these compounds containing 75% BaO gave 
crystals of both kinds at 1546 °C. (2815°F.), but at 1556 °C. 
(2833°F.) it gave only crystals of 2BaO-SiO, and glass. 
From this it may be concluded that there is a eutectic at 
about 74.5% BaO with a melting point of 1551° = 6°C. 
(2824° = 10.8°F.). No other compounds except the two 
named above occur in this part of the system. Barium 
orthosilicate, 2BaO-SiO,: Barium orthosilicate appears 
as a granular mass of rounded grains and does not show 
any cleavages or twinning. The melting point is higher 
than that of platinum. Alpha (D) = 1.810 = 0.005; 
gamma (D) = 1.830 = 0.005. Barium oxide, BaO: Mix- 
tures of barium orthosilicate and barium oxide were not 
studied more closely. The fact that all the mixtures con- 
taining an excess of BaO over the orthosilicate ratio attack 
platinum seems to prove that they contain free BaO. See 
also reference No. 251, p. 292 

233. G. GruBe AND R. Trucksess, “‘Formation of 
Barium Silicates from Barium Carbonate and Silicic Acid 
in the Solid State,” Z. Anorg. & Allgem. Chem., 203([1]75-96 
(1931).—In the manufacture of Ba(OH), according to 
Deguide (Ger. 346,762 and 367,133) by heating BaCO; and 
SiO, and subsequently decomposing with water, the sili- 
cates presumably formed are 2BaO-SiO:, 3BaO-SiO, (or a 
mixture of 2BaO-SiO, and BaO), and the silicate inter- 
mediate between these 2 when the ratio of BaCO;:SiO, is 
2:1, 3:1, and 2:3, respectively. A further increase in the 
BaCO; proportion is claimed to produce silicates of low 
melting point which attack the oven. The purpose of the 
present investigation was to establish the maximum num- 
ber of molecules of BaCO; which can be combined with each 
molecule of SiO, in the solid state and to measure the pres- 
sure of equilibrium of CO, for each individual reaction step. 
According to the theory of Jacob (Helv. Chim. Adia., 3, 
669-704 (1920)), 4BaO-SiO,, 3BaO-SiO,, 2BaO-SiO,, and 
BaO-SiO, should exist, but of these only the last two have 
been established (see references Nos. 232, p. 291, and 238, 
p. 292; Z. Anorg. & Aligem. Chem., 163, 1-30 (1927). In 
a series of systematic experiments, thorough mixtures of 
finely ground pure BaCO; and SiO, were heated in a Pt 
crucible 5 to 50 hr. at 700° to 1100°C. (1292° to 2012°F.). 
Every 4 hr. the mixtures were cooled and reground. Dur- 
ing the heating the crucible was closed, the cover being pro- 
vided with a boring for a thermoelement extending into the 
mixture and an inlet tube for COs. Conclusions: The pri- 
mary product of the reaction in the solid state is BaO- SiO. 
This reacts further with BaCO, to form 2BaO-SiO, which, 
when all BaCO; is converted, reacts with the remaining 
SiO, to form BaO-SiO,. This peculiar course of reaction 
is explained by the theories and observations of Jander 
(ibid.) and Tammann (ibid., 149, 21-34 (1925)). Note- 
worthy was the observation in two of the experiments that, 
by employing reaction mixtures of the ratio BaCO;: SiO, = 


3:land 4:1 heated at 1100°C. (2012° F.) for 9 and 5 hr., 
respectively, the reaction mixture contained silicates with 
2.31 and 2.28 molecules of BaO, respectively, for each 
molecule of SiO,, i.e., products richer in BaO than 2BaO- - 
SiO,. A series of tensieudiometric measurements for the 
identification of these silicates was carried out with a 
tensieudiometer constructed according to the principle of 
Huttig (ibid., 114, 161-73 (1920)). The reaction velocity 
of the formation of BaO-SiO, from BaCO, and SiO,, the 
changes in the pressure of equilibrium of CO, at different 
temperature for the molecular mixtures (1) BaCO; + SiO», 
(2) BaO-SiO, + BaCO,, (3) 2BaO-SiO, + BaCO,, and 
(4) 3BaO-SiO, + BaCO,, and for pure BaCO,, the tensi- 
eudiometric synthesis of 3BaO-SiO, and 4BaO-SiQ,, and 
the isobaric decomposition of BaCO, rendered proof that 
besides BaO - SiO, and 2BaO- SiO,, 3BaO - SiO, and probably 
4BaO-SiO, are formed in the solid state. The course of 
the isobars for the two last compounds showed the forma 
tion of mixed crystals. From the measurements of the 
temperature and CO, pressure belonging to each reaction, 
(1) 690°C. (1274°F.), 760 mm.; (2) 800°C. (1472°F.), 
760 mm.; (3) 970°C. (1778°F.), 50 mm.; and (4) 950°C. 
(1742°F.), 10 mm., the heat tones were calculated as 37, 
42, 50, and 59 Cal., respectively. The heat tone for the de 
composition of BaCO; is +51.70 Cal. By subtracting the 
latter from the heat tones of the above reaction mixtures, 
the following approximate heats of formation are obtained 
BaO-SiO, 26, 2BaO-SiO, 21, 3BaO-SiO, 13, and 4BaO-- 
SiO, 4 Cal. 

234. W. JANpeR, “‘Reactions in the Solid State at High 
Temperatures: IV, Reaction Between Basic and Acid 
Oxides and Carbonates and Method of Compound Forma- 
tion,” Z. Anorg. & Allgem. Chem., 174 [1] 11-23 (1928).— 
When solid substances react, a reaction layer is first formed 
between the surfaces in contact, and further reaction only 
proceeds as one or both components diffuse through this 
layer. In the reaction between BaCO, and SiO;, the reac- 
tion mixtures are heated from a few hours to 3 days at 
950°C. (1742°F.). With an excess of BaCO, the principal 
product is the orthosilicate, while with an excess of quartz 
the metasilicate is the chief product. The results indicate 
that diffusion through the surface reaction layer is re 
sponsible for completion of the reaction, and this is made 
possible only by the solubility of one of the components in 
the compound formed in the reaction. 

235. T.R. Lynam anv W. J. Rees, ‘“‘Chrome Refrac- 
tories for Use in the Neutral Course of the Basic Onen- 
Hearth Furnace,’”’ Trans. Ceram. Soc., 37 [11] 481-505 
(1938).—Increasing the MgO additions to a chrome batch 
to convert the serpentine to forsterite gradually increases 
the mechanical strength at high temperatures. The pres 
ence of ferruginous impurities in Grecian magnesite aids in 
the development of forsterite. Lime-bonded chrome 
shows no better mechanical strength than the chrome batch 
alone. BaSO, as a bond effects marked improvement 
Lowest porosity and highest bulk density are obtained 
with hand-tamped specimens having a gradation of 45% 
coarse, 10% medium, and 45% fine particles. Slag resist- 
ance is best in the densest specimens. Coarser grac\..cion 
gives the test specimens good resistance to spalling but « ‘so 
structural weakness. Gradations giving the densst 
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specimens do not produce the expected high mechanical 
strength, supposedly because of lack of bonding agent and 
low fabricating pressure. 

236. M. ‘Ova, Y. Nakazi, AND T. NaGamt, “‘Steatite 
Bodies Containing BaO,”’ Electrotech. Jour., 2 [1] 22 (1938). 
—Bodies containing, in addition to steatite, from 5 to 
33.3% BaO calculated on the amount of free silica, were 
fired to 1250° to 1400°C. (2282° to 2552°F.). They were 
resistant to moisture and gave good insulating material. 

237. N. A. Toropov anp P. F. Konova.ov, “Solid 
Solutions of Calcium and Barium Orthosilicates,”” Compt. 
Rend. Acad. Sci. U.R.S.S., 20, 663-64 (1938) (in German). 
—The index of refraction and specific gravity are given for 
mixtures of 2CaO-SiO, and 

238. H. F. Krause anp W. WEYL, “‘Studies of the 
System Na,O-BaO-SiO,-CO,: I, Reactions Between 
Na;CO;, BaCO;, and SiO, in the Solid State,” Z. Anorg. & 
Aligem. Chem., 163, 355-66 (1927).-—The authors studied 
the reactivity of powdered quartz with BaCO,;, with and 
without the addition of Na,CO; and before the mixtures 
began to melt. When mixtures of quartz and BaCO; are 
heated in a stream of CO, evolution of CO, begins notice- 
ably at about 700°C. (1292°F.). For mixtures in which 
BaO: SiO, is greater than 2:1, the ratio BaO: SiO, in the 
reaction product is 2:1. In mixtures richer in SiO, the 
BaCO; reacts with a greater proportion of SiO, but not in 
stoichiometrical ratios. When the per cent SiO, is greater 
than that for BaO:3SiO, the amount of SiO, which reacts 
may be greater than that required by the ratio 1BaO: SiO,. 
Explanations are suggested for the difference in reactivity 
of mixtures high and low in silica. The addition of Na»- 
CO; to mixtures of BaO and SiO, lowers the temperature of 
noticeable CO, evolution to about 400°C. (752°F.), and 
the composition of the reaction product depends on the 
composition of the mixture heated. For the isothermal 
heating of BaCO;-SiO, mixtures at 750°, 850°, and 950°C. 
(1382°, 1562°, and 1742°F.), the amount of CO, evolved is 
closely proportional to the logarithm of the duration of 
heating. This also holds for mixtures containing Na2COs. 

239. F. M. Jacer H. S. vAN KLooster, ‘“Re- 
searches in the Chemistry of the Silicates,”” Sprechsaal, 52, 
256 (1919); Jour. Soc. Glass Tech., 3, 234-36.—The sili- 
cates were prepared by first heating a mixture of quartz 
and the metal carbonate or oxide to the sintering point in a 
Pt dish in an electric oven and then completing the fusion 
in a Fletcher gas furnace. The silicates of Ba, Sr, Be, Zn, 
and Cd were white and crystalline. 2SrO-SiO, had a 
melting point of over 1750°C. (3182°F.); 2BaO-SiO, had 
a melting point of 1750°C. 


PATENTS 
240. C. Decurpe, “Barium Hydroxide and Silicate,” 
Fr. 483,044, May 23, 1917; Brit. 110,537, July 10, 


1917.—Barium carbonate is calcined with SiO, at 1400° to 
1500°C. (2552° to 2732°F.) in the proportion to produce 
2BaO-SiO,. The product obtained, which is not fused, 
is decomposed by means of H,O, with the production of 
BaO-SiO, and Ba(OH),. The 2BaO- SiO, is obtained by cal- 
cining at 1400° to 1500°C. (2552° to 2732°F.) a mixture 
of SiO, and BaCO; or a mixture of BaO-SiO, and BaCQ;. 

241. RHENANIA-KUNHEIM VEREIN CHEMISCHER 
FABRIKEN A.-G., “‘Barium Orthosilicate or Trisilicate,’’ 
Fr. 636,045, June 16, 1927.—Ba orthosilicate or trisilicate 
is prepared by heating BaCO; with silicic acid or Ba meta- 
silicate in the presence of steam, thereby lowering the 
temperature necessary. The steam may be led in with 
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the furnace gas, or a gas containing sufficient H to form the 
necessary steam may be added. 

242. RHENANIA-KUNHEIM VEREIN CHEMISCHER 
FaBRIKEN A.-G., “Barium Silicate in Glass Manufacture,” 
Brit. 259,953, Oct. 16, 1925.—A Ba silicate such as can be 
prepared by heating finely ground barytes, 100 parts, with 
quartz sand, 13 parts, in a revolving furnace with steam at 
1200°C. (2192°F.) is used as a glass batch material; a 
batch may comprise, e.g., sand 100, Na;CO, 26, CaCO, 15, 
and Ba silicate 34 parts. 

243. INTERNATIONAL INDUSTRIAL AND CHEMICAL Co., 
Lrp., ‘‘Barium Compounds,”’ Fr. 670,267, Feb. 25, 1929.— 
Ba silicates or mixtures of compounds containing silicates 
and oxide of Ba are made by calcining the starting ma- 
terials, e.g., SiO, BaSO,, and C, fusion being avoided by 
diluting or dispersing the materials in an agent infusible 
at temperature of calcination, preferably BaO-SiO:, so 
as not to introduce other substances into final product. 

244. S. Wrrrouck, “Barium Silicates,”’ Brit. 312,975, 
March 3, 1928; Ger. 553,236, March 24, 1928; U. S. 
1,869,454, Aug. 2, 1932.—In producing silicates such as di- 
or tri-barium silicates by calcining silica or monobarium 
silicate with BaSO, at 1500°C. (2732°F.), with or without 
the presence of C or CO, fusion is avoided by the addition 
of a diluent (such as a quantity of the desired product) 
which is not fused under the conditions of the calcination 
S,  . or CO, may be recovered in the process. 

245. F. Rotne anp H. BRENEK, “Producing Other 
Compounds from Barium and Strontium Sulfates,’’ U. S. 
1,772,269, Aug. 5, 1930.—Ba and Sr sulfates are mixed 
with SiO, in such proportion that silicates of a type be 
tween 2BaO-SiO, or 2SrO-SiO, and 3BaO-SiO, or 3SrO - - 
SiO, are formed and mixture is heated in an oxidizing at- 
mosphere in the presence of steam to 1100°C. (2012°F.) or 
higher. Water forms Ba(OH): in good yield from product. 

246. F. anp H. BrReNeK, “Barium Silicates,”’ 
U. S. 1,824,298, Sept. 22, 1931.—Ba orthosilicate and Ba 
trisilicate are produced by heating BaCO, together with 
silica-containing material in the presence of steam. 

247. C. E. anp J. D. SuLiivan, “Sasic 
Refractory and Method of Making,” U. S. 1,954,552, April 
10, 1934.—A basic refractory material which is resistant 
to slags and glasses is formed of commercial grades of 
calcined magnesite and witherite or dolomite and witherite 
fused in the electric furnace and cast in various types of 
molds. It can be used in the cast state or as a ramming 
mixture or cement. Fused masses of MgO and BaO do 
not slake in air, and mixtures containing 35% or less of 
BaO do not slake or disintegrate even after remaining 
under water for several weeks 

248. J. D. ‘Refractory Material Suitable 
for Furnace Linings,’’ U. S. 2,160,923, June 6, 1939.— 
The refractory material is prepared by mixing raw mag- 
nesite, BaO, and SiO, and heating to a high temperature 
in order to impregnate aud coat the magnesia particles 
with barium silicate. MgO is used with a total of 5 to 
35% of BaO and SiO,. The molecular ratio of BaO to 
SiO, is not greater than 2 to 1. 

249. J. D. Sunzivan, “Refractory Material Suitable 
for Furnace Linings,”’ U. S. 2,160,924, June 6, 1939.— 
The refractory material is prepared by mixing raw mag- 
nesite, BaO, and SiO, in such proportions that on subse- 
quent heating the resulting product will have MgO as its 
principal constituent and from 2 to 35% BaO and SiO, 
with a molecular ratio of the BaO to SiO, of not more than 
2 to 1. 


Strontium Orthosilicate 


250. G. Stein, Z. Anorg. Chem., 55, 159-74 (1907); 
from Mellor,* Vol. 6, p. 353.—S. melted 2SrO and 1SiO, in 
a carbon tube and obtained only the metasilicate and 
carbide, but when a porcelain tube was employed, large, 


* J. W. Mellor, Comprehensive Treatise on Inorganic 
and Theoretical Chemistry. Longmans, Green & Co., Ltd., 
London, 1925. 


doubly refracting, biaxial crystals of 2SrO-SiO, were ob- 
tained. No evidence of polymorphic forms was obtained 
by heating the crystals between 990° and 1634°C. (1814° 
and 2973°F.), by slow cooling, or by melting with SrOb. 
The salt did not show the phenomenon of dusting ex- 
hibited by 2CaO-SiO,. See reference No. 178, p. 287. 
251. Penttr Esxora, “‘Silicates of Strontium and 
Barium,” Amer. Jour. Sci., (5)4, 331-75 (1922) 
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Mixtures were made of pure quartz, CaCO;, BaCO;, and 
SrCO;. These substances were dried at 150°C. (302°F.) 
before weighing, mixed together, melted if possible, chilled, 
crushed, reheated, and ground twice more. The equilib- 
rium relations were ascertained almost exclusively by the 
quenching method. The eutectic SrO-SiO,-2Sr0-SiO, 
was located at 65.5% SrO, as is apparent from the dia- 
gram. The steep slope of the liquidus curves at both 
sides is remarkable. While in the 65% SrO mixture the 
primary phase is SrO-SiO,:, it is 2SrO-SiO, in the 67% 
SrO mixture, and the liquidus has risen 60°C. (108°F.) 
above the eutectic temperature, 1545°C. (2813°F.). The 
existence of 3SrO-2SiO, is not proved. The primary 
phase in all the mixtures between the eutectic at 65.5% 
SrO and 2SrO-SiO, is strontium orthosilicate. The follow- 
ing experiments were carried out in order to establish 
whether there might be formed the compound 3Sr0O-- 
2Si02, analogous to 3CaO-2SiO., known from the studies 
on the calcium silicates. Strontium carbonate and quartz 
powder, well mixed together, in the proportion required 
to form 3SrO -2SiO, (72% SrO) were held 2 hr. at 1475°C 
(2687°F.) and quenched. The product consisted of SrO-- 
SiO, and 2SrO-SiO,. Another time the charge was al- 
lowed to cool slowly. The result was the same. The 
same mixture was heated 16 hr. at 1150°C. (2102°F.). 
It was now so fine-grained and poorly individualized that 
it could not be decided whether there were one or two 
phases present. Neither SrO-SiO, nor 2SrO-SiO, could 
be identified. The melting point of strontium ortho- 
silicate (2SrO-SiO,) is far above the range of the platinum 
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resistance furnace. In a search for several polymorphic 
forms of this compound E. heated a preparation of crystal- 
line 2SrO - SiO, at different temperatures: 5 min. at 1634°C. 
(2973°F.), and 2 hr. at 1415°C. (2579°F.), 1300°C. 
(2372°F.), and 990°C. (1814°F.). The result was always 
the same form, well characterized by its refringence and 
twinning. It was also obtained from a SrCl, melt at 
about 1000°C. (1832°F.). The substance did not change 
when allowed to cool very slowly. The phenomenon of 
“dusting” in the case of 2CaO-SiO, apparently has no 
analogue here. For the determination of the optical 
properties the preparation quenched from 1634°C 
(2973°F.) was used, with the following result: alpha 
1.7275 (D), beta 1.732 (D), and gamma 1.756 (D). The 
crystals are optically positive with 2E = 58° approxi- 
mately or 2V = 32°30’. In many of the crystals a twin- 
ning, often repeated, was observed. In sections normal to 
gamma, the acute bisectrix, the trace of the axial plane 
forms angles of 17° with the composition planes of the 
twinning lamellas. If the crystal system is monoclinic, 
the plane of the optic axes is normal to the plane of sym- 
metry. The repeatedly twinned crystals, in their outlines, 
often display the habit of orthorhombic crystals, and when 
the lamellas are very nat:ow they have apparent straight 
extinction, All the mixtures which contained more 
strontium oxide (SrO) than 2SrO-SiO,, resulted in two 
phases, 2SrO-SiO, and SrO, when heated at high tempera- 
tures. In these mixtures the strontium oxide could always 
be identified from its isotropic character and high index 
of refraction. See also reference No. 232, p. 291. 


| FORTY-THIRD ANNUAL MEETING, 
| AMERICAN CERAMIC SOCIETY 


BALTIMORE, MARYLAND, MARCH 30 to APRIL 5, 1941 | 


BALTIMORE HOTELS 


The true test of a meeting city is not only the number of its hotels but their 
quality. Baltimore, with a tradition of hospitality founded on good food and 
good service, enjoys an established reputation in accommodating visitors to 
the city and making them feel at home. 


A reputation for the enjoyment of i} 


living has made Baltimore a haven for travelers. Baltimore has several con- 
sistently good hotels. The larger hotels are all located within a radius of a few 


blocks. 
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MAP OF BALTIMORE 
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National Stamping (13) 


Co., 1901 Li 
Balti timore Sonal & Novelty Co., 
Mt. Winans. 
Porcelain Enamel & Mfg. Co., 
Eastern and Pemco Aves. 
Severn Ceramic Studio, 
Hany Weishittel Co,, | 
eiskitte! Co., Inc., 
4901 Philadelphia Rd. 
General Refractories Co., 
701 Chesapeake Ave. 
Glass Co., 


Glass Corp., 
Winans. 
Buck Glass Co., 

Fort Ave. and Lawrence St. 
American Radiator & Standard 


Baltimore Brick Co., 
3601 E. Monument St. 


(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 


Wages Paving Brick Co., 


Swindell Bros., Inc., 
Bayard and Russell Sts 
Walters Art Gallery, 
Charles and Centre Sts. 
Chen Chao Ming (Chinese 
Antiques), 339 E. 29th St. 
Baltimore Museum of Art, 
Charles St. and Art Museum Dr. 
land Institute, 

t. Royal Ave. and Lanvale St. 
Enoch Pratt Free Libr. 
Mulberry and Cath ral Sts. 

Fort McHenry and Marine 
Museum, foot of Fort Ave. 
Johns Hopkins University 
North Charles and 33rd Sts. 
Maryland Academy of Sciences, 
North Charles and 27th Sts. 
Municipal Museum (Peale's), 
Lexington St. and Holliday. 


Washington Monument, 
Mt. Vernon Place. 


Abbey Hotel, 
Paul and Madison Sts. 

Altamont Hotel, 

Eutaw Place and Lanvale St. 
Arundel Hotel, 

Charles oe and Mt. Royal Ave. 
Belvedere H 

Charles St. at 
Biltmore Hotel, 

Paca and Fayette Sts. 
Emerson Hotel, 

Baltimore and Calvert Sts. 
Congress Hotel 

Franklin and Howard Sts. 
Mt. Royal Hotel, 

Mt. Royal Ave. and Calvert St. 
New Howard Hotel, 

Howard and Baltimore Sts. 
Southern Hotel, 

Light and Redwood Sts. 
Lord Baltimore Hotel, 

Baltimore and Hanover Sts. 
Stafford Hotel, 

Charles and ‘Madicon Sts. 
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(25) | 
(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

Sanitary Corp. (34) 
5315 Holabird Ave. 

Locke Insulator Corp., (35) 

: Charles and Hanover Sts. on 
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